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Priest Bloom 
and Billet Heat- 
ing Furnaces 
fired with 
straight blast 
furnace gas; 
capacity 25 tons 
per hour. 


Priest Furnaces 
mare available 
for all fuels and 
represent the 
utmost effici- 
ency in furnace 
practice. 


PRIEST 





PRIEST FURNACES LIMITED : LONGLANDS : MIDDLESBROUGH 
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ENGINE 


TESTING 
PLANT 


FOR PRIME MOVERS 
OF ALL KINDS 


A wide range is available from 
small Dynamometers to complete 
Engine Test House equipment 
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Rean Antelope 

Copper Mines 

‘recommend 100%, for 

Metrovick Unified 

Boiler Control 

A discugsgion with the Mechanical and: Elect 
Engineers on the Mine resulted in the 
opinion that the Metrovick system = c¢ 
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MILLING «AND. 
DRILLING G,MACHINES 


20° HORIZONTAL 
MILLING MACHINE 


The part you play in 
speeding up the wheels 
of industry will be 
greatly assisted by the 
Archdale range of 
machine tools. 
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A POWER BEHIND 


BRITAIN’S DRIVE 























THE 
ENGLISH ELECTRIC 


COMPANY 


Generating Plant for Steam, Water or Oil Power - Sub-Stations 
and Converting Plant + Transmission Systems, Switchgear and 
Control -Electric Traction and Transport: Industrial Electrification 
Electrical Equipment for Marine Purposes - Domestic and 
Allied Appliances + Aircraft and Aircraft Electrical Equipment. 





The English Electric Company Ltd. Works at: 
Stafford, Preston, Rugby, Bradford, Liverpool. 
Registered Office: 

Queens House + Kingsway « London, W.C.2 
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SYNTHETIC GALO MATERIAL 
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TRANSFORMERS 


A 20,000 kVA 132/33 kV 
3-phase transformer, fitted 
with 132 kV on-load tap 
changer, as supplied to the 
C.E.B. 











Advt. of The General Electric Co. Ltd., Magnet House, Kingsway, London, W.C.2. 
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morse taper socket drills 
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Screw Extractors — the 




















modern method of extracting broken 


























screws. Drill a hole in the broken screw, 
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Screw Extractor ond turn anti- 























clockwise. Morse Toper Socket 























Drills will drill Morse Toper Bores 


























from the solid material. Finish the bore 























with o Dormer Morse Taper Socket Reamer 
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SUMMERFIELD STREET SHEFFIELD ENGLAND 

PHONE: SHEFFIELD 24137 (5 LINES) GRAMS: PROELLS BRAND 
LONDON OFFICE; THAMES HOUSE QUEEN STREET PLACE E.C.4 


HIGH SPEED TWIST DRILLS 
DORMER TOOLS ARE OBTAINABLE FROM YOUR USUAL ENGINEERS’ MERCKANTS Srimsat ine EMAL Foote 


EXPORT ENQUIRIES INVITED. 











Visit our STAND Nos. 73, 74, at the— 
GAUGE & TOOL MAKERS’ EXHIBITION, New Hall, Vincent Square, London, S.W.1. 
26th January to 6th February, 1948. 
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A worm gear dynamo- meter de- 
signed and built by us and installed 
nour gear laboratory. We use it for testing 
performance of worm gears, lubricants and 
materials. It is of original design and, you 
may think, of rather homespun appear- 
ance. It certainly has one homespun 
quality — honesty. It measures with a 
very low degree of inaccuracy the true 
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JOHN HOLROYD AND COMPANY LIMITED 
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efficiency of worm gears over a wide 
range of speeds and loads. It is one 
of the visible reasons for the high effi- 
ciency of Holroyd Standard Worm Reduc- 
tion Units. There are other reasons that 
we are just too modest to talk about in 
public. But we'd welcome the chance 
to tell you privately how good they are 
and why! 


LANCASHIRE 


CRC. 117 











¥® BIGGER 
® FASTER 


MORE 
POWERFUL 





> EASIER 
TO OPERATE 


lilustrating the 
fully - pneumatic 
Standard Kipp- 


caster A-215. Rarely has one Kippcaster been 


@ installed in a plant for a year's 

time, that a 2nd, 5th, 10th or 20th 
has not been added in quick succession 
—because the economy of Kippcasting 
breeds more and more die cast parts. And now the 
new Standard Series of these inexpensive units have 
greater die capacity (for larger and more complex 
parts), more power, wider guide bar spread and ram 
speed control; so that with reduced effort the casting 
cycle is faster. Come to Carlisle to see for yoursel 
or send samples and blue prints for a complete analysis. 


MADISON-KIPP.......0000 THE COMPLETE DIE CASTING SERVICE 


WILLIAM COULTHARD a oF LTD. 


CROWN WORKS, CARLISLE. 
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Tungum Alloy—corrosion resisting. 


2. High strength-to-weight ratio. 


Tungum is also available as Rod 

and Bar, Sheet and Strip, Wire, : : 

Whe Kee, Gene ek Sele 3. Withstands high pressures. 
Castings, Pressings, etc. Special 

data sheets dealing with these 4. High resistance to torsional and 
fabricated forms of Tungum may vibrational fatigue. 

be obtained free on request. 


5. High thermal conductivity. 
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TUBING 


TUNGUM SALES COMPANY LIMITED 


Brandon House, Painswick Road, Cheltenham, Glos. 
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DIFFERENT firms have different methods. Some 
are so methodical that the Bulletins are filed away 
in a flash—out of sight and out of mind. Others keep 
squirrels in the office — excellent fellows who hoard 
useful information against the day when they will have 
time to absorb it—a day that seldom or never comes. 

But the wise and far-seeing firms try to keep 
people in the picture. They see fuel efficiency not 





as an emergency measure for making ends meet, 
but as a long-term matter vital to their production 
and costing, their overheads and profits. So they 
see that the Bulletins get around. They welcome 
criticisms and suggestions arising from them — and 
sooner or later they do what thousands of 
other firms have done and ring up the Ministry’s 
Fuel Engineer at the Regional Office. 


FUEL EFFICIENCY BULLETIN NO. 50 «FUEL SAVING IN FACTORIES 
AND COMMERCIAL BUILDINGS ” WILL SHORTLY BE READY 








TELEPHONE 


Government Buildings, Ponteland Road, Newcastle-on-Tyne, 5 


Castle Gate House, Castle Gate, Nottingham 
Shaftesbury Road, Brooklands Avenue, Cambridge 
Mill House, 87/89, Shaftesbury Avenue, W.1 


Temporary Office Buildings, Hagley Road West, Birmingham, 17 
Burton Road, West Didsbury, Manchester, 20 


REGION ADDRESS 
YOUR Northern 
a Century House, South Parade, Leeds, 1 
orth-Midlan 
REGIONAL Eastern 
ondon 
FUEL South-Eastern 95, High Street, Rochester 
OFFICE — pilag «raiser eae we es 
ales 27, Newport Roa ardi 
South-Western 12/ 14, Apsley Road, Clifton, Bristol, 8 
Midland 
North-Western 
Scotland 145, St. Vincent Street, Glasgow, C.2° 
Scotland 51, Cockburn Street, Edinburgh, 1 
Scotland 1, Overgate, Dundee 
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Newcastle 2813! 
Leeds 3061! 
Nottingham 4621¢ 
Cambridge 56258 
Gerrard 9700 
Chatham 3487 
Reading 61491 
Cardiff 9234 
Bristol 38223 
Bearwood 307! 
Didsbury 5180-4 
Glasgow City 763¢ 
Edinburgh 3488. 
Dundee 2179 












SPECIALISTS 


IN THE MANUFACTURE 
OF PRECISION MADE SMALL TOOLS 
OF ALL TYPES 


Tools made for high production 


> and maintained accuracy. We 

v3 should be pleased to receive your 
"PHONE 3101/2 i , 

Wit enquiries — you will be pleased 


when you have used our Tools. 


'GRAMS “ ROLTOOL-COVENTRY” 


Hicimeliniol ica 


ENARLSOOQN: STREET COVENTRY 
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| = ABOUT 





Our stocks include: Machine Tools, 
Power Presses and Sheet Metal 
Working Machinery, Hydraulic 
Plant, Electric Generating Sets, 
Electric Motors, Switchgear, Trans- 
formers, Air Compressors, Boilers, 
Diesel Engines and other Power 
Plant, Cranes, Locomotives, Plastic 
Moulding and Rubber Machinery, 
Pumps, Track and Wagons, Tanks, 
Steel Sections, Tubes and Fittings, 
and every kind of Modern Second- 
hand Works’ Equipment for 
EARLY DELIVERY. 
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PLANT AND MACHINERY 


GEORGE COHEN, SONS & CO. LTD Established 1834. © WOOD LANE, LONDON, W.12 








Phone; Shepherds Bush 2070 - and STANNINGLEY, NEAR LEEDS. Phone: Pudsey 2241 
and at Birmingham, Newcastle-on-Tyne, Sheffield, Manchester, Glasgow, S . Southampton, Belfast, etc. 











This sign means, roughly, “ For first 


turning to the right, take the first 


Those in a hurry to get PLANT and 
ROUND MACHINERY are strongly advised to 
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‘“‘Newallastic” bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 
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YOU CAN'T STOP A MAN WITH A GOOD IDEA 
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** Gosh ! it might be made in plastics — or rubber! . . . Must ring 
Lorival — they'll know .. . Sorry, youngsters ... back in a minute.” 


RUBBER OR PLASTICS? 


%* While each material possesses its own characteristics, in many applications 
one is as suitable as the other, and in these times of scarcity it is as well to 
have this in mind. Firms in need of components, complete articles or 
packaging should seek our advice, which is based upon wide experience 
and specialized knowledge. We produce articles in rubber and ebonite 
as well as plastics, and our service includes design and manufacture. 


LORIVAL PLASTICS 


UNITED EBONITE & LORIV'AL LIMITED 
LITTLE LEVER, NEAR BOLTON, LANCS 
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Vacuum Furnace for Laboratory Use 
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Analysis for minute quantities of metals or impurities 
in solutions is the particular function of dropping- 
mercury-electrode instruments. The flexibility of the 
method, its accuracy, and the fact that it can’ be used 
both qualitatively and quantitatively, make it widely 
useful. 

In metallurgy, spectro-chemical analysis moved from 
the lab into the plant when electrical scanning methods 
became available. In both locations, spectrum analysis 
has become the standard quick method of determining 
the constituents of alloys, just as the microscope reveals 
their structure. These analyses are used both quali- 
tatively and quantitatively. 

Several open-hearth shops are now using the new 
instruments which measure the temperature of molten 


HOLLAND 


steel while it is still in the furnace. It seems almost 


inevitable that such instruments will become 
standard. 

A highly precise specific-gravity recorder for liquids 
is a relatively new tool, used in distillation and fraction- 
ation processes in the chemical industries. 

The above brief outline makes it apparent that 
progress in industrial instrumentation cannot be covered 
in a few hundred words, or perhaps even in a ‘ew 
hundred pages. Mechanical-type instruments, for 
instance, are hardly touched on, yet there have been 
large increases in their usefulness to many industries. 
The writer has tried to present sufficient highlights so 
that the reader may decide whether to investigate such 
phases as concern him or his business. 


Vibration-free Mountings with Auxiliary Mass 


By J. A. Harincx. (From Philips Technical Review, Vol. 9, No. 1, 1947, pp. 16-23, 7 illustrations.) 


WHEN sensitive instruments are used in the vicinity 
of a vibrating structure, difficulties are often experi- 
enced owing to vibrations being transmitted to the 
apparatus through the floors, walls and tables. The 
amplitude of these forced vibrations can be reduced 
until they are no longer objectionable, by introducing 
a resilient layer between the instrument and its founda- 
tion, for instance a rubber cushion or a set of helical 
springs. The resulting system is shown diagrammati- 
cally in Fig. la. 





Fig. 1. Diagram (a) and resonance curve (b) of undamped 
vibration-free system. 














We w 


The mass m then vibrates with an amplitude a 
depending on the applied frequency w, according to 
the equation 

a 


a 


c 





c— mw? 








where a, is the vibration amplitude of the foundation, 
and c is the spring stiffness (force per unit deflection). In 
the neighbourhood of the natural frequency wy) = +/c/m 
of the system, the amplitude of the mass m will be very 
much larger than a), while for values of w far enough 
above w, the amplitude becomes smaller than a), and 
approaches zero at very high frequencies, as it is then 
inversely proportional to w? ; 


a c @, \* 
— ~~ —— = | — ss we, 
ao mw? w 


In the spring stiffness c is sufficiently low and the mass 
m large enough to make the natural frequency w, at 
least 3 to 5 times as low as the lowest frequency occurring 
in the disturbing vibrations of the foundation, the 
instrument will only be very slightly affected by these 
vibrations. 
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Besides limiting the amplitude of the forced vibra- 
tions it is also desirable that after an impulse or initial 
displacement caused accidentally or by the operation 
of the instrument, the free vibrations of the system 
should be damped as rapidly as possible. The system 
in Fig. 1 represents an undamped system in which the 
mass, theoretically, continues to move during an in- 
definitely long period of time before the vibrations 
die out. In practical systems, however, the vibrational 
energy disappears gradually as a result of. the damping 
which is always present, even if this is only the internal 
hysteresis damping of the spring material or damping 
due to air resistance. This so-called viscous damping 
can be represented as in Fig. 2a, by a dashpot in parallel 
with the main spring. The damping force k is assumed 
proportional to the relative velocity of m with respect 
to the foundation. Because of this damping, the ampli- 
tude of the free vibration decreases as a function of time 
t, proportionally to e~**/?™, This system differs in 
its behaviour from the original system, both as regards 
the decay of its free vibration and the amplitude of 
its forced vibrations, as shown by the curves of Fig. 2b, 
for k 0. The resonance peak is reduced and the 
system comes to rest more rapidly with increased 
damping, but at the same time the decrease in amplitude 
is less pronounced at higher frequencies than for k = 0, 
as shown in Fig. 1. At higher frequencies, the ampli- 
tude is inversely proportional to the forcing frequency : 
a/a ~ k/mw. 


; 




















Ge o 


Fig. 2. Diagram (a) and resonance curve (b) of a vibraticn- 

free system with “ relative” damping. The amplitude ratio 

is given by (a/ao)? = [1 + g? @?I/[(G? — ))? + gq? G2), where 

@ =— wl, q = k/mwo, and wo? = c/m. (See reference (1) in 
Bibliography). 


Fig. 2b shows that in order to limit sufficiently t1¢ 
amplitude of the forced vibration, the natural frequen -y 
must be a very low value. Since, in practice, t1¢ 
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ratural frequency cannot be brought down to any 
arbitrarily low value, without excessive weakening of 
tie flexible mounting, for a given value of the mass m, 
tue arrangement of Fig. 2a will not usually give satis- 
factory results. With slight damping it takes too long 
for the vibrations to die out, and with larger damping 
coefficients the amplitude of the forced vibrations at 
the higher frequencies considered is not sufficiently 
reduced. 

Different conditions are obtained when the damping 
is not introduced between the mass m and the vibrating 
foundation as in Fig. 2a (“‘ relative damping’’), but 
between the mass and a fixed point in space, this being 
known as “‘ absolute damping,’ see Fig. 3a. The 
resonance curves of this system for various values of 
damping are given in Fig. 3b and show that in this case 
increased damping is advantageous in every respect. 
The resonance peak is considerably flatter, while even 
at higher frequencies, i.e. in the region of the dis- 
turbing frequency of the foundation, the amplitude is 
always less than in the arrangement with zero damping 
(see Fig. 1), and at higher frequencies it decreases again 
according to equation (1). The difference between rela- 
tive and absolute damping, as shown in Figs. 2b and 3b, is 
easily understood when one considers that the damping 
introduced between two points constitutes a hindrance 
to their relative movement, and infinite damping is 
equivalent to a rigid connexion, so that in Fig. 2b, 
if k = o, the mass m will be rigidly coupled to the 
foundation and follow its’ movement completely 
(a/a) = 1). If in Fig. 3b, the absolute damping is 
increased, the mass will finally be rigidly bound to a 
stationary point in space and thus remains completely 
at rest (a/a, = 0). 








Fig. 3. Diagram (a) and resonance curve (b) of vibration- 
free system with “ absolute ” damping. 


(a/ao)? = 1/[Co? 41)? + 9g? Gl. 

The theoretical case of absolute damping is not 
achievable in practice, since if it were actually possible 
to have a fixed point in space it would be preferable to 
attach the instrument directly to it to eliminate vibra- 
tions, instead of mounting it with springs on to the 
foundation. But even without having a fixed point, 
absolute damping can be simulated to a certain extent 
by introducing a damping element k between the main 
mass m and an auxiliary mass m connected to the main 
mass by a spring of stiffmess C (see Fig. 4a). At 
higher frequencies, the mass M, owing to its inertia, 
will generally tend to remain at rest and in this way 











a Gel b Go 


Fig. 4. Diagram (a) and resonance curve (b) of a vibration- 
free system with auxiliary mass M. 
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provide a point, which is nearly a fixed point, for the 
damping force. This conception is theoretically justi- 
fiable and gives considerable improvement both as 
regards the amplitudes of the forced vibrations and the 
rate of decay of the free vibrations. Several vibration- 
free mountings based on this principle have already 
been developed in the Philips factories. 


BEHAVIOUR OF THE SYSTEM WITH 
AUXILIARY MASS AS A FUNCTION OF 
VARIOUS PARAMETERS. 


The behaviour of the system shown in Fig. 4a as a 
function of the five parameters m, c, M, C and k, will 
now be considered. The amplitude curves are given 
in Fig. 4b. When the damping & is infinite, the 
auxiliary mass M is rigidly connected to the main 
mass m ; the system is then equivalent to that of Fig. 1, 
and its amplitude curve (curve k = © in Fig. 5) shows 
infinite amplitude at the resonant frequency 

wy = / c/(m + M), i.e. when ® = w/w = 1. 

When k = 0, the system consists of two flexibly 
coupled undamped vibrating masses, with two reson- 
ance peaks at two different frequencies (dotted-line 
curves for k = 0 in Fig. 5), on either side of w) (@ = 1). 
The position of these two peaks depends on the para- 
meters (m, M and c, C) of the system. 

Finally, in the general case when 0 <k < ow, the 
resonance curve always passes through the two fixed 
points A and B (points of intersection of the curves 
k = 0 and k = o), and lies completely between these 
two curves, generally either with one maximum be- 
tween A and B, or with two maxima, situated one on 
either side of A and B (see family of curves for g? = 1, 
0°5, etc., in Fig. 4b). The curves can be determined 
analytically by means of the following considerations” * 4, 
The motion of the two masses is determined by two 
coupled linear differential equations of the second 
order, from which, after eliminating the co-ordinate 
of the auxiliary mass, a linear differential equation of 
the fourth order is obtained for the x — co-ordinate 
of the main mass. If the vibration of the foundation 
is determined by ay sin wt, the main mass will vibrate at 
the same frequency but generally with a different 
amplitude and phase : x = asin (wt + gy). Substi- 
tuting this value in the differential equation gives an 
ordinary algebraic equation for the resonance curve, 
and allows to determine the ratio a/a, as a function of 
w and of the parameters m, c, M, C and k. The 
resulting formule can be given a simpler form by 
introducing the following dimensionless quantities : 








w m+ M- 
o= —=w | —, 
Wo c 
Cc m+M 
P= = mM ey 
é 
= > “a 2 
k Baie (2) 
7 = 3 
M e 
m 
.=— 
m+M 





®, p, q, and » being known as the frequency, stiffness, 
damping and mass parameters, respectively. The 
amplitude curve is then given by : 


G— py + ga 


a 2 

(=) a @ @ aw @ a 
ay) [wa'—(1 + p) at + pl? + ga? Gt —1)* 

For infinite damping, this reduces to 


a 1 
(). lal - « 
ao /q= 











wo? — 1 
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Fig. 5. Resonance curve of the system with auxiliary mass 
(see Fig. 4a) in the two ———- a of damping, k = o and 
(see solid line k = o in Fig. 5). For zero damping 
(3) gives 


a 
( a i a pot—(1 4-p)o? + p 


(dotted curve in Fig. 5). Denoting, for simplicity, the 
functions of w on the right-hand side of eqn. (3) by 
a, B, y and 4, so that 


(=) a+ q*p a (1 + q?. B/a) 
a) yt+qs yU+q?.8/y) 


it will be seen that this expression is independent of q 
when 


wo? —p 











Rie— By x. we = (5) 
and then (a/a,)* = «/y. Thus, for those values of w 
which satisfy eqn. (5), the g-curves have the same 
ordinate for all values of g, hence all the curves pass 
through the two fixed points A and B in Fig. 5. The 
abscissae @,q and wg of A and B can be determined by 
substituting the values of «, 8, y and 6 in eqn. (5), 
which then gives 











1l+p p 
ot—2 -w? |- 2 =0 
1+ph 1+yp 
so that 
(@)a,B = (I+p+~9p?—2p+1), (6) 
1+p 


where @, < landas > 1. 


For the ordinates of the fixed points we then find 
from (4): 


a 1 a 1 
(=) - nites) «mmm 
Ag/aA 1— Wa” ao /B @p? —1 


BEHAVIOUR AT HIGH FREQUENCIES. 


From the general shape of the curves in Fig. 4b 
it can be seen that for this type of system also the 
resonance peak must be at a much lower frequency 
than the region of the disturbing frequencies of the 
foundation. The amplitude of the forced vibration of 
the main mass is then reduced, and its value is given 
by eqn. (3). For sufficiently high frequencies this 
becomes 





a 1 
— en ene, on (8) 
oP) por ma” 
A comparison of (8) and (1) shows that with the same 


c 


ae 
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values of c and m the same favourable behaviour at highe- 
frequencies can be obtained as in the simple arrange- 
ment without any damping (Fig. 1), or as in the system 
with absolute damping (Fig. 3). The auxiliary mas; 
M has therefore no direct effect, as it tends to remai: 
stationary at high frequencies. Actually, M does mov: 
slightly, and its amplitude | a’ | at higher frequencies 
is determined by |a’/a| ~ kc/mMw*. This ratio 
| a’/a | decreases therefore more rapidly with in- 
creasing values of w than the amplitude ratio for th= 
main mass which is determined by eqn. (8). 


CHOICE OF OPTIMUM PARAMETERS. 


Eqn. (8) shows that the resonance peak of th: 
system must be at the lowest possible frequency 
Although the values of C, M, and k, do not affect the 
vibration amplitude at higher frequencies, according to 
eqn. (8), their choice will be decisive for the behaviour 
at lower frequencies and for the decay of the free vibra- 
tions of the system after an accidental impulse or initia! 
displacement. 

When the system is vibrating freely its motion 
generally consists of two vibrations with two resonant 
frequencies ; the amplitudes of each of these vibrations 
decrease with time proportionally to e-21t and e-a2! 
respectively, while the relation between the initial ampli- 
tudes of the two vibrations depends on the initia! 
conditions (initial displacement or impulse). The rate 
of decay of the free vibration depends therefore not 
only on a, and «, but also on the initial accidental 
conditions ; and even when these are given, as the 
influence of the parameters of the system on the decay 
of the vibrations is still very difficult to determine, it 
is not ‘possible to speak of the rate of decay of free 
vibrations. If, however, it is assumed that the dura- 
tion of free vibrations decreases approximately at the 
same rate as the decrease in amplitude in the resonance 
region, then it will only be necessary to consider for 
this the resonance curve at lower frequencies. Since 
the peak amplitude should have a value as low as possi- 
ble, the parameters must be chosen so as to comply 
with this requirement. 

The position of the two fixed points A and B can 
be varied towards the right or the left by varying the 
stiffness parameter p, as can be seen from eqn. (6). 
Ail the amplitude curves for various values of the 
damping parameter g, pass through A and B, and two 
of these curves have their peaks at A and B respectively. 
In general, A and B are at different heights, but by 
giving p a suitable value they can be brought to a same 
level (see Fig. 4b) and the optimum resonance curve 
will then have two peaks at the same height as A and B, 
although not quite coincident with these two points. 
From eqn. (7) it follows that @, and @g must then 
satisfy the condition : 


a? + wp? = 
Substituting for @, and @g the values determined 


by eqn. (6) we obtain for the stiffness parameter p the 
optimum value 


Popt = B. 
The corresponding maximum amplitude ratio is then 


given by 
a\* ay? l+u 
(—) | = se 9) 
Q / opt Qa/an 1l—p 


According to Collatz’ the optimum value of the 
damping parameter is then approximately 


Jopt = V/ V5 (1 —»). 


ILLUSTRATIVE EXAMPLE. 


According to the foregoing theory the choice of the 
parameters is reduced to the choice of the mass-para- 
meter p = m/(m-+- M). In order to keep the maximum 
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amplitude of the resonance curve with optimum damp- 
ing as low as possible, the value of » should be as small 
as possible, that is, the auxiliary mass M would have to 
be much larger than the main mass m. In most 
practical cases this is not possible ; if therefore it is 
assumed that the masses m and M are of equal magni- 
tude, then » = 0°5, 


Pop. =~ = OF, and 
gopt ~ VV 15h (1 —p) = 0612. 
Egn. (2) then gives the following relations : 
C/c = p(1—p) = 0°25, 
k/a/me =~ (1 —p) of 15 (1 —p) = 0°433. 
The maximum amplitude ratio determined by eqn. (9) 
is then found to be only 
(a/ao)opt XV (1 + w)/(1 —n) = 1°728. 
The exact values for p = » = 0°5 are 
gopt = 0°624 and (a/ap)opt = 1°746, 
because a/ay = ~ km/w = q/o@ instead of a/ay = 1/a? 
and 1/pw? respectively. 

The approximate values agree thus very well with 
the exact values. In fact, even if g is given a much 
greater or much smaller value, a/a, will still vary only 
slightly : for example, when g varies between 0°4 and 
0°95 the amplitude ratio a/a, will not vary more than 
25 per cent from its optimum value of 1:75. Amplitude 
also varies only slightly with p, and for instance when 
uu 05 and g = Qopt; a variation of p between 0°33 
and 0°7 gives a corresponding variation of not more 
than 25 per cent in the value of (@/as)max. 

In comparing these optimum results of the system 
with an auxiliary mass and the system without an 
auxiliary mass, it is assumed that the total mass M -- m 
of the first system is equal to the single mass m of the 
latter system, and that the spring stiffness c is in 
both cases the same. The resonant frequencies 
Wyaux = c/(M + m) and w) = +/ c/m are then 
also pega, and this is also true of the reduced frequencies 
@® = w/o. In Fig. 6, the following curves are given 
for comparison: 1, the resonance curve of the un- 
damped system (see also Fig. 1a) ; 2, the resonance 
curve of the system with auxiliary mass (see also Fig. 
4a) with the same stiffness c and the same total mass 
divided into two equal parts, thus giving np» = 0°5, 
p = 05 and q = 0°62 ; 3, the resonance curve of the 
system with relative damping (see also Fig. 2a) with 
the same stiffness c and a damping g = k/mw, = 0°74 
such that the maximum amplitude of the curve is the 
same as that of curve 2. 

Curve 3 has a less favourable trend at higher fre- 
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Fig. 6. Resonance curves of an undamped vibration system 
(curve 1), a system with auxiliary mass and “ optimum ” 
for » = 0°5 (curve 2), and a system with 
relative damping (curve 3). 
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a/ay = 1/a@*? = 1/pyw*. Moreover, it has the dis- 
advantage that the vibrational amplitude will be larger 
in the event of an accidental increase of the damping 
coefficient k (for instance in case of viscous damping, 
owing to a decrease in temperature), so that the system 
will be much less effective in eliminating vibrations. 
Curve 2 of the system with an auxiliary mass shows 
that the amplitude of the forced vibrations at higher 
frequencies is hardly affected by damping, and the 
maximum amplitude in the resonance region is only 
affected by a change in damping to a slight extent. 


DECAY OF THE FREE VIBRATIONS. 


For simplicity, it has been assumed that the dura- 
tion of the free vibrations, which are due to an impulse 
or an initial displacement, would decrease in the same 
ratio as the reduction of amplitude at resonance, and 
the maximum amplitude of the resonance curve has 
therefore been chosen as low as possible. However, 
when definite values have been given to the parameters, 
the rate of decay of the free vibrations can be deter- 
mined exactly. Fig. 7 shows the decrease in amplitude 
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Fig. 7. Decay of the free vibration after a given initial 
displacement for a system according to Fig. 4a, with « = 0°5 
and the “optimum” parameters p = 0°55 and g = 0°62. 


of the free vibration after an initial displacement of 
the main mass for the case where m = M, » = popt =0'5, 
and gopt = 0°62. It will be seen that the amplitude 
after one " eocilianion is only one-tenth of the initial 
displacement, and that after two periods only 1'/, 
per cent of the initial amplitude remains. This shows 
that the values chosen for the parameters give very 
good results. It can, however, be shown that in general 
the system will come to rest even more quickly if 
p = wand g ~ +/ 4p (1 — ») than with our “optimum” 
values p = p and g =4/ 154 (1 —x). The free vibra- 
tions of the system with relative damping (Fig. 2), 
assuming the same initial displacement and the same 
maximum amplitude in the resonance curve, are then 
damped out about one and a half times more rapidly. 
The practical application of these results, as well as the 
treatment of the general case of a system vibrating 
simultaneously in different directions, will be the sub- 
ject of a subsequent report. 
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SWITZERLAND 


The Causes of Explosion of some Welded Low 


Pressure Containers 


By Tu. Wyss. (From Zeitschrift fiir Schweisstechnik, Vol. 37, No. 3, March 1947, pp. 55-61, and No. 6, June 1947, 
pp. 127-130, 17 illustrations.) 


A SERIES of accidents, some with fatal results, made it 
desirable that the causes of explosions of welded 
containers should be investigated and the results placed 
before a wide circle of interested parties. In Switzerland 
certain types of vessels are under official control, e.g. : 

(a) Containers for transporting compressed liquid 
or pressure-dissolved gases. 

(b) Stationary pressure vessels. 

Amongst those under (b), however, there are certain 
exemptions from official control, e.g. :— 

(1) Vessels of not more than 2 atmospheres working 
pressure. 

(2) Vessels of more than 2 atmospheres working 
pressure, if the product of their volume in cubic meters 
and their pressure in atmospheres does not exceed 15. 

Vessels under (2) have given trouble, because some 
of them have been subject to considerable pressures. 
It is therefore proposed to give particulars here which 
relate to the causes of accidents and to suggest measures 
for avoiding them in future. 
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Fig. 3 Fig. 4 
Figs. 1, 2, 3, and 4. Faulty designs of exploded containers. 








Many of the upright vessels which failed had the 
bottom, and sometimes also the cover, welded to the 
shell as illustrated in Figs. 1 and 2. Such an arrange- 
ment with the convex surface of the bottom facing 
inwards, gives a certain advantage in providing the 
vessel with a flat rim base, but serious disadvantages 
have also to be considered : 

The welded connexion is unsatisfactory because the 
full thickness of the two plates may be covered by weld 
metal without proper penetration and therefore without 
strength in the joint; in any case control of pene- 
tration is difficult. There is danger of corrosion at the 
inner corner between shell and bottom, owing to diffi- 
culty of access for cleansing and maintenance; also the 


distribution of stresses is most unfavourable. The bottom 
is exposed to compression and may fail by local buckling, 
and, due to its shape, there is a reduction of useful 
volume in the vessel. 

With each of the failures described below the causes 
were largely due to the unsatisfactory type of welded 
joint shown in Figs. 1 and 2, the shape of the vessels 
being illustrated by Figs. 3 and 4. 


First Case:—An upright grease container, 350 mm 
in diameter, and 1,400 mm high, was used for lubri- 
cation purposes in a garage and compressed air, at 12 
atmos., urged grease from the cylinder through the 
standpipe. A workman engaged in handling the vessel 
was fatally injured when the bottom of the vessel broke 
away from the shell. The welded connexion between 
the inverted bottom and the shell was found to be non- 
existent, although originally, a welded joint of the type 
shown in Fig. 1 must have been there which was 
probably worn off by pushing the vessel over the floor. 
Thus bottom and shel! were eventually held together 
only by friction which in time had to yield to the 
internal pressure of 12 atmos. which was equivalent to 
a force of 15,000 kg. 

The welded connexion, hidden from routine in- 
spection and gradually wearing off in service, is 
definitely a source of danger, and attention must 
therefore be drawn to this. 


Second Case:—A compressed air container, in 
service with a ship’s Diesel engine, was constructed as 
illustrated in Figs. 2 and 4. Its main dimensions were :— 


internal diameter 455 mm 
height 1,560 mm 
shell thickness 10 mm 


Figs. 5 and 6 give some details. The welded joint 
between cover and cylindrical shell was very poorly 
made and confined to only about 2 mm depth at the 
extreme fibre. Fig. 6 gives some idea of the wholly 
unsatisfactory assembly of shell and bottom, resulting 
in a weak weld bridging the gap between the plates. 
The explosion of this container nearly led to a major 
disaster when a hole was made in the ship’s hull. 


Third Case:—Another compressed air container was 
made from mild steel, in shape similar to Fig. 4. The 
cover was forced from the shell and the insufficient 
connexion was apparently made by forge welding, as 
was indicated by the tapered shape of the shell plate. 


Fourth Case:—Another container for compressed 
air exploded by the bottom and cover being forced 
from the shell, and the shell itself was broken open. 
The type of construction was that shown in Fig. 3, and 
the joint between the bottom and shell is illustrated in 
Fig. 7 which shows that a welded connexion existed only 
in the extreme fibres. It is the same type of dangerous 
joint as reproduced in Fig. 8 relating to another joint 
where a steel plate was welded to a steel casting. The 
unwelded gap between the two components produces 
notch effects which unavoidably extend into the weld 
area. 


Fifth Case:—An exploded fire extinguisher is shown 
in Fig. 9. Here too, a fatal accident took place when 
the cover blew off. The internal pressure rose to 12 
atmospheres which the soldered joint between the cover 
and the copper cylinder could not resist. Such high 
internal pressures must be reckoned with, however, 
because holes may become obstructed in the course of 
time. 
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Fig. 10. Recommended type of welded pressure vessel. 
a) joint between shell and cover; (b) top connexion; (c) bottom 
joint; (d) longitudinal weld. 


MEASURES TAKEN BY EMPA. 
(Swiss FEDERAL INSTITUTE FOR TESTING MATERIALS). 


Welded vessels having shapes as illustrated in Figs. 
1 to 4 are always rejected, because the risks involved 
have been clearly proved. The rejection applies not 
only to new vessels but also to those which are already in 
service. The latter must be re-built so that both bottom 
and cover face outwards and are, therefore, in tension 
and not in compression ; this also eliminates the 
narrowing inner corner with its very unfavourable dis- 
tribution of stresses. The new requirements are 
illustrated in Fig. 10 and the following conditions are 
laid down for design and welding. 

(1) Both bottom and cover must have a cylindrical 
collar of at least 10 mm depth so that the circum- 
ferential weld is clearly located within the cylindrical 
portion. 
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Fig. 5 





Fig. 9. 


(2) The skirt at the bottom must clear the circum- 
ferential weld to allow it to be inspected regularly. 

(3) All joints should have a back sealing run from 
inside the vessel, but when this is impracticable sound 
penetration of the full plate thickness must be obtained 
by other means. Details for testing procedure are laid 
down, including the preparation cf test specimens and 
tests to destruction on completed vessels. Every vessel 
is internally inspectéd and subjected to test pressure. 

(4) Welded connexions are to be “‘ K”’-type joint 
(Fig. 10b), but alternatively a collar may be formed 
by forging. 

(5) Residual stresses may be relieved by annealing 
at approximately 620 deg. C. for about one hour. 

(6) The bottom skirt must be deep enough to 
ensure sufficient clearance between the dished bottom 
and the floor. 

(7) It is strongly recommended that vessels in 
service with bottoms or covers dished inwards (see 
Figs. 3 and 4) should be put out of commission or 
re-built. Vessels as shown in Fig. 10 offer the additional 
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advantages of increased volume (using the same amount 
of steel) as well as easy access for inspection of interior 
welds. 

(8) Such vessels can be built also by deep drawing 
two bell-shaped sections and joining them by a single 
circumferential weld, no other welds being required. 

(9) Containers used as fire extinguishers require 
official control and it is intended to introduce this. 


GERMANY 


(10) There are many vessels in laboratories and 
workshops, of seamless or of welded construction, 
especially smaller type autoclaves, sometimes working 
at very high pressure without, however, being liab’e 
to official control. For safety reasons it is recommended 
to make arrangements for official testing at certain 
intervals. In case of new installations the design might 
well be submitted to EMPA for checking. 


Oiliness and Boundary Phase Friction 
By H. UMsTATTER. (From Die Technik, Vol. 2, No. 4, April, 1947, pp. 171-176, 18 illustrations.) 


THE author defines oiliness, as a purely rheological 
property of a lubricating oil, and as the slope of the 
yield curve. 


dlog, G 
os = — or se (1) 
dlog, P 
where G is the velocity gradient, sec"! 
P is the tangential pressure, dyne/sq. cm. 
anda is the oiliness. 


To. develop a mathematical relation between 
boundary phase friction and the various factors by 
which it is affected, such as surface roughness, chemical 
properties of the materials in contact, oiliness, etc., 
a formula for viscosity, based on the damping theory 
of. internal friction and developed by the author is 
used 

ME 
log. 1/% = —— = - (2) 
’ pRT 
where 7 is the viscosity in poises at absolute tempera- 
ture T (deg. K), 
No is the viscosity at shear elasticity E = 0, 
p is the density, grams/cu. cm. 
R is the gas constant, and 
M is the molecular weight. 


In this formula E and 7, are little affected by tem- 
perature because of the following relation : 


P = Eds/dy = 





(3) 

> 
where P is the internal pressure, ds/dy is the oiliness (c), 
w is the surface tension in dynes/cm., and r is 
the molecule radius of the surface curvature 
(monomolecular layer). It follows from 

eqn. (2) that 
2wM 
log. 2/% = ————— a 
roR A i o 

This means that boundary phase friction depends 
2 
Nr/9 
10 


8 





0 r 


Fig. 1. Relative boundary phase friction as a function of 
the radius of curvature, 
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upon the curvature of the surface and that it may be 
larger or smaller than internal friction, according to 
whether the curvature is positive or negative. The 
sliding process takes place over the positively curved 
points and the liquid in the cavities is practically 
stagnant. Therefore, formula (4) can be used in the 
form given. r is a factor indicating surface roughness. 
The ratio 7,/7,., the relative boundary phase friction, 
related to internal friction increases as the radius of 
the surface curvature decreases. This does not refer 
to the geometrical shape, however, but to the physical 
condition. Consequently, capillary active materials 
which reduce boundary phase tension will also reduce 
boundary phase friction, and this explains the lower 
boundary phase friction of fatty oils in comparison with 
hydrocarbons. 

The two curves of Fig. 1, which are based on eqn. 
(4), show the effect of the radius of curvature on the 
relative boundary phase friction for a metal-oil boundary 
phase having a tension of approximately 350 dynes/sq. 
cm., and for a gas-oil boundary phase with a surface 
tension of approximately 35 dynes/sq.cm. They 
indicate that in the first case the influence of the wall 
is noticeable up to film thicknesses of 1,000 Angstrém 
and more, whereas with the oil-gas boundary the 
boundary phase friction, reaches the value of internal 
friction at 20 Angstrém. This confirms the results of 
experiments by Trillat and Woog. 

The influence of temperature is noticeable but 
smaller than that of surface roughness. It extends 
over a wide temperature range and only vanishes near 
the temperature of decomposition of oils (see Fig. 2). 
Therefore, heating cannot entirely eliminate the effects 
of boundary phases. 


THE EFFECT OF OILINESS. 


The effect of oiliness on boundary phase friction is 
considerable. Oiliness is, as stated before, identical 
with the slope of the yield curve, and it is a measure 
of the decrease of viscosity as a function of the velocity 
gradient. 

Consequently, its value is unity for Newtonian 





0 


Fig. 2, Relative boundary phase friction as a function of 
the temperature. 
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liquids and reaches a maximum for liquids with struc- 
tural viscosity which show normal behaviour only at 
higher viscosity gradients. If the natural logarithm 
of internal friction (7) is plotted against the natural 
logarithm of the velocity gradient (dv/dy) the full line 
curve of Fig. 3 is obtained. The dotted curve indicates 
tae slope of the full curve, d log, n/d log, G, as a function 
of the velocity gradient G = dv/dy. It shows that 
ciliness passes through a maximum at a definite velocity, 
and this is characteristic for every liquid. Although 
the existence of oiliness so far has been proved only in 
colloids, it is not limited to these, and is a general 
property of matter. It should exist also in micro- 
dispersed systems if the velocity gradient is high 
enough. This critical velocity gradient at which 
oiliness reaches a maximum is higher, as the time of 
relaxation of the system is less. Because the relaxation 
time of a liquid depends upon its molecular weight 
(according to Debye), the maximum of oiliness of oils 
hitherto considered as normal will be found at velocity 
gradients in excess of the range so far examined. How- 
ever, it seems certain that at the point of minimum 
film thickness, in a plain bearing, velocity gradients 
_ so high that even normal liquids will exhibit oiliness 
effects. 


log. u | d log, n/d log. G 
» 4 














—— log, du/dy 
Fig. 3. Viscosity as a function of the velocity gradient. 


According to the shape of the oiliness curve, boundary 
friction may either increase or decrease with increasing 
velocity gradient. For molecular weights and, con- 
sequently, times of relaxation high enough to ensure 
that velocity gradients’are high, oiliness will decrease 
with increasing velocity gradient. Boundary phase 
friction being inversely proportional to oiliness, will 
increase with increasing sliding velocity. Hardy* has 
shown this to be the case with fatty oils, having mole- 
cular weights of 800-900 (see lower curve in Fig. 4). 
Conversely, with mineral oils having molecular weights 
between 300 and 600, boundary phase friction decreases 
with increasing sliding velocity (see upper curve in Fig. 4). 


7 


Fig. 4. Boundary phase 
friction as a function 
of sliding velocity. 








al. 





These relationships indicate that the influence of 
diliness, although primarily a property of the lubricant 
itself can only be effective with film thicknesses at which 
boundary phase phenomena are superimposed. This 
is so when the molecular weight of the lubricant is so 





*Hardy, Proc. Roy. Soc., London, vol. A88 (1913), p. 303. 
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* only in extremely thin layers. 





low that the critical velocity gradient can be reached 


The phenomena are more obvious in the case of 
high-moiecular colloidal lubricants, such as Voltols, 
which exhibit structural viscosity even in viscometers. 
With these oils, the effect of oiliness should be noticeable 
under purely hydrodynamic conditions of lubrication. 
Bright stock takes an intermediate position. There 
is no doubt that, apart from the above-mentioned effects, 
there are also phenomena of the purely boundary phase 
type in which the bearing material plays a decisive 
rdle, and foremost among these are all phenomena 
caused by a decrease in the boundary phase tension. 


c 





Pte PP 


Fig. 5. Tangential disturbances spread at right angles to 
the plane of shearing distortion with a finite velocity c. 


In an attempt to explain this decrease in surface 
tension, it is visualized that tangential disturbances 
spread in the shape of a compressionless shearing wave 
at right angles to the plane of the shearing distortion 
with a finite velocity (see Fig. 5). 


c=~/E/p me me (5) 

The relation between surface tension and the 

thermal oscillation frequency of the molecules is 
evolved as follows : 

Equations (5) and (3) yield for a non-oily lubricant 


(== 4) 

c=+/2u/rp.. ae 
and withequation c=Av, .. es a (7) 
where A is the wavelength and v is the frequency, 


2w 


(8) 





it follows that y= J 


Vr p 
Considering that \?rp is the molecular weight, 


eqn. (8) becomes 
2w 
v= | ae oe 4 (9) 
m 


where m is the absolute molecular weight based on 
hydrogen = 1°66 x 10-74 gram. 

This formula has been used to calculate frequency 
values for a variety of materials which have been 
arranged in Table I in the order of increasing frequency. 
Closer examination of this table reveals the following 
solubility rule :— 

The degree of mutual solubility of two materials 
improves as their thermal oscillating frequencies approach 
each other. 

Hence it appears that the solution process is a 
resonance phenomenon. Thus, oils containing sulphur 
and phosphorus should have a better wetting action 
on heavy metal alloys (e.g. containing lead) which have 
nearly similar frequencies, than on ferrous metals, the 
frequencies of which are very diiferent. This also 
explains the improved wettability of sulphonated 
bearing metai surfaces. Synthetic resins, probably” 
having frequencies not greatly different from high 
molecular hydrocarbons, show such favourable wetting 
properties that they can be used as bearing materials 
in spite of their inferior mechanical strength. By 
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TABLE I, 





TABLE I.—continued. 




















Surface | Frequency | Tempera- Surface , Frequency; Tempera 
Compound | Tension | 1/sec. ture, Compound ; Tension ,__ 1/sec. | ture, 

dynes/cm. (x 1010) | | deg. C. | dynes/cm. | (x 1010) | deg. C 
tristearine = | 28-01 19-4 | 68-8 tin 518 | 229-3 | melt. pt. 
tripalmitine -- | 30-4 21:3 | 64 cadmium ae oe = 4 298 312 
trioleine ea .| 248 aA:7 | 21 silver .. i Sy Ss | 318-7 1100 
n octyl malonate * | 28-08 32:1 | 30 copper | 1381 332 | 1140 
tri fluorine trichloroethane +. | 17-75 sa°5. | 20 platinum | 1819-5 i 335 2000 
dimethyl ethyl carbinol 22°77 35-8 20 — (against CO:) | 411-5 | 369 62 
ethyl palmitate 31-54 | 36-5 | 22 zin | 768-6 376-3 | 600 
oleic acid 33°3 37°7 | 20 sodium’ (against COs) | 293°6 392 | 90 
cyclo-hexyl malonate... 35°83 40:2 | 30 iron . } 949-7 453 — 
—— or ’ 33°7 40°8 | 138-4 is 
tripheny: osphine . 40°69 43-2 | 45°7 P . 
erigeepylemiae oss 23-6 44:5 | 0 chemically bonding heavy metal atoms to the carboxyle 
= tetrachloride .. 25°7 aed | | S156 groups of fatty acids the frequencies of soaps can be 
oa ie 2 Oe made to approach those of the metals so that they may 
triethylamine .. 17°8 46-1 | 25-6 rae 
n octane : 21-31 47-4 15-5 be used as extreme-pressure additives. Because of 
i malonate | 30-56 47-9 30 the small difference between the frequencies of mercury 
ethyl carbonate 26°44 48-0 20 and oils, especially sulphurizea oils, the performance 
perchlorethylene 32°32 48-5 20 ° 
cane sugar... 66-9 48°5 160 of amalgamated copper surfaces should be examined. 
n dipropyiether 20:53 49-3 20 The satisfactory performance of bearing metals obtained 
oy arene ai as — by the addition of lead to copper is well known. Sele- 
n butyl acetate. 24°81 50-7 20 nium coatings should be effective in combination with 
hexane 18°54 50-9 8-2 sulphurized oils. The tendency of metals to abrade 
sulphuryl chloride 29-01 30:9 15-9 is also affected by resonance phenomena. To eliminate 
a bromnaphthaline 44°53 50-9 20:1 ‘ ' 
n propyl eeitiate 34-2 51-0 20 the scoring of a journal and bearing, or between a 
ethyl oxalate .. 32:22 51-6 20 tool and workpiece, metals should have as widely 
brombenzine 35°75 32°3 25 different thermal frequencies as possible. This can 
ethyl benzoate 34:6 52:7 25 P . iff ibl ° 
mesitylene 27-92 52-9 7-4 be achieved by choosing as different as possible a ratio 
nicotine 38-61 53°5 20°55 between hardness and atomic weight. It should be 
ethyl propionate 24°27 53°5 20 noted that good solubility or wettability must not 
i valeric acid .. 25°30 54°5 20 7 incid ith high hemical affini 
ethy! levulinate 35-7 54-6 20 necessarily coincide with a higher chemical affinity. 
naphthaline 32:26 55-1 80-1 It appears that the solubility of two materials is chiefly 
a it fe tg determined by the resonance of the slow thermal 
m xylene ; 27-4 55-7 34-47 oscillations of the molecules, whereas chemical affinity 
0 chlortoluene - 33-4 56°4 20 is determined by the high frequency atomic oscillations 
n valeric acid . 27:36 56°8 20 of high energy. 
a oar i ae oe Generally it will not be possible to achieve complete 
i amyl alcohol _ 24:4 57°7 20 resonance of therma! oscillations, however desirable. 
n propyl chloride 21-78 57°8 20 The result will be interference, and the resulting 
m xylene 29°55 57:9 20 fi : ill be : 
diethyl scat! 24°6) 58-0 20 requencies Wl Ie as 
n amyl alcoho! 25°6 59-1 20 mae, hoe 
neo 27-39 59-8 21-2 ola aaa sce + (10) 
n butyric aci 6°74 60-4 20 - ( 

i butanol 22:78 | 60-9 16-2 or N= n+t Rear <+ ow 
glucose ee 61-4 =" Of these, the low frequency vibrations are of interest. 
> cresol. nd : 34.5 i 35-5 Applying eqn. (9), the surface tension for a molecular 
acetic acid anhydride 32:65 62:1 20 weight m of the adsorption compound formed will 
— —>> . a 62-3 20 correspond to the difference of the two partial fre- 
pg on ae eA =. aie quencies. In general, this molecular weight will be 
o cresol 36:21 63:5 41-4 larger than those of the two components, so that the 
cyclo-hexadiene 27:32 64-1 20 surface tension will be reduced. This explains why 
uae + abe ie ih according «0 Gibbs’ equation the matter which is going 
m cresol 37:78 64:8 9-0 to be adsorbed can only be concentrated if the boundary 
i propanol | 21:35 65:4 16-3 phase tension is reduced. Knowing the stoichiometric 
a phd aH rod relation, according to which the new mass m is com- 
furfurol 37-0 68-1 58-3 posed, the new boundary phase tension can be deter- 
phenol 37-0 68°8 41-2 mined, and also the concentration in the boundary 
n propanol 23-82 69-8 16-4 hase 
acetone 23-35 69-5 16-0 — P , , ; 
carbon disulphide 33-58 72:8 19-4 Comparing two materials, the reduction of boundary 
bromine. “ d. 73 ‘6 4 phase tension and, with it, boundary phase friction 
acetic acl . Z vA ; a: 
pemet a 36-69 14-7 17-5 will be the greater as : 
aniline be 44:1 75°5 17: (1) the difference between the two partial frequen- 
ethyl alcohol .. 22-03 75°9 20 cies is smaller : 
sulphur dioxide 33°29 79°1 —25 d . 
nitromethane .. 36°98 85-5 20 an ? ° 
hydrogen persulphide 46:2 91:6 20:5 (2) the mass of the adsorption compound increases 
glycerine 64-7 91-9 18 (weight of micell). 
methyl alcohol | 22:55 92-0 20 ‘. . } 
acetonitril 29°10 92-4 20 This explains the beneficial effect of heavy metal 
selenium sj 92:5 119-9 217 soaps in extreme-pressure lubricants and the beneficia 
eaieus Brice BR ae tae o, ” effects of heavy metals in bearing materials. Smal 
sulphur cp ; 58-3 148°1 141 amounts of capillary active metals may suffice to reduce 
thallium 357 168-1 300 the surface tension of an alloy without noticeably 
—, i os th ~ affecting the properties of the basic mass of the bearing 
lead 535 177 330 metal. These surface effects may remain active ever 
antimony : aa 178 2 after some wear has taken place, owing to the far- 

= ‘i : : : 

coy eurGho) :. 67°8 201°8 20 reaching range of action of boundary phase effects in 
light water .. ee 72°75 220-5 20 metals (more than 1,000A). 
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—~ New Designs for Vertical Hydro-electric Alternators 
By V. F. Kostin. (From Vestnik Electro-Promyshlennosti, No. 9, 1946, pp. 14-16, 2 illustrations.) 
t. H'YDRO-ELECTRIC alternators are usually one of two type of drive used in conjunction with high speed 
types : exciters is quite satisfactory between two vertical shafts, 
(a) A two-bearing type with one journal bearing and permits reduction in the overall height of the set as 
underneath and a combined thrust and journal well as in the weight of the exciter which is reduced by 
bearing above the rotor. This has the advantage 80 per cent. ’ 
of having a more compact and accessible thrust The rotor body and thrust bearing hub are of welded 
bearing but is expensive. construction, and the required flywheel effect is 
* (b) The “ umbrella ” design with a single combined obtained from a separate disk protruding beyond the 
ye thrust and journal bearing below but, in most windings. This has resulted in a considerable saving 
be cases, no bearing above the rotor The arms of of costs compared with the usual rotor construction 
. , : : : 
ay the rotor may slope downwards to permit the involving a heavy cast steel rim. 
of bearing to be as near as possible to its centre of The absence of a lower bearing renders the set much 
ry gravity. The effect of this is to reduce the more easily accessible, and therefore simplifies main- 
ce overall height of the set which results in design mre eile tac , ; 
ad. economies of up to 25 per cent of the total weight a a oe ee ee Se ee 
ed of the alternator. = per cent, and in labour 20 = a In addition, 
le- A guide to the question whether type (a) or (b ee eee 
ith should be used is ee ratio of the rotor pnd to ri ian oor hes been — ie — “ ca _ 
ide effective length, and if this ratio is less than 7 it is oe th ies bei Ra : hi lr roveseton Les 
ate generally necessary to choose the two-bearing design. Se ne eee Oe ee ee 
Bo The Ural Electrical Machine Works have recently = = meh oe passione w selppndbesepnanene “ “ pa 
; ; ; nd stator stampings for a varying range of speed an 
ot produced a series of small and medium power alternators pve “> a pote caste ge Pe thrust- 
an combining the advantages of the two designs. There is a3 F : : : 
to only car tomas, as = the umbrella sal but it is od — pr me gol coolers, wp gas — 
be located above the rotor, so that the lower bearing- . "ee aes oo practical (No. 3) these oo 
= supporting bracket is entirely eliminated and the com- two other innovations: (a) the whole set, i.e., both 
fly —0 ee Pg Mica agence turbine and generator, is based on a single shaft without 
nal aur ae ‘ me s . a dividing coupling as used in horizontal overhung sets. 
ity Fie ba = (188 Wh, 19 ee: eee (6) The generator brakes are transferred to the upper 
ns this design, and it will be noted that in the absence of a beating teeckst and beat against the catcing puley of 
| cent cuit ie tix is tee oe the exciter drive. This also improves accessibility, and 
_ cuales ta is an important simplification for small machines. 
: : F ig. 2 shows one such alternator—for 680 kW 
le. _ The need for a lower generator bearing arises only Fig ‘ite 
ng in two cases: if the distance between turbine and The thrust bearing surfaces are of “ Textolite,” 
10) 1800 
0a) 
st. 
lar EXCITER 
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be 
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ng 
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m- 
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ary 4 pans, or F 
LT RECESSE 
q2-// 
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n- 
RECESSES 
Fig. 1. 
Ses . . . . . 
generator is excessive or if the rotor is too long in pro- 
ta! vortion to its diameter. In either case the determining 
ia tractor is the critical speed calcuiation, which can be 
al’ endered more favourable’ by either reducing the space 
ce »etween bearings or having a larger diameter shaft. As 
ay ‘compared with the umbrella design, the critical speed 
ng xroblem is often a little simpler if the single bearing is g 
er ylaced at the top. 
ar- Another notable feature of the new series of alter- Ps, 
in lators is the use of standard high-speed exciters driven ee oe ee ee 
xy a multiple “‘ tex-rope ” drive instead of the more 
isual direct drive. Works tests have shown that this Fig. 2. 
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which has shown good wearing properties during tests 
even with the cooling water temperature as high as 
86 deg. C. 


SWITZERLAND 


It is felt that “combined design” of turbine, 
generator, and power-house, on these lines, promises 
an entirely new type of hydro-electric set. 


Aircraft Propelling Plant of the Future 


By R. WIL. 


THE operation of all aircraft propelling plant is based on 
the principle of reaction. Either a certain quantity of 
the surrounding air, or, as with rockets, the gases 
generated within the plant, are accelerated, and there- 
fore a reaction exists which has a direction opposite to 
that of the jet. This reaction is the thrust of the pro- 
pelling plant, which is proportional to the accelerated 
mass and the speed imparted to it. It can be expressed 
by the formula :— 

(Wi+W,)v; Wav 





& 4 
in which 
T = thrust of propelling plant [kg] 
W, = weight of air accelerated in unit time [kg/sec] 
W, = weight of fuel burnt in unit time [kg/sec] 
v; = jet speed (m/sec) 
v = air speed (m/sec) 
g = acceleration due to gravity [9°81 m/sec?] 


For rockets which are independent of the outer air, che 
equation reduces to T = W, v; / g. 


The efficiency of the jet is y = 27 /(v + vj). 


The nearer the air speed approaches the jet speed, 
the higher is the efficiency. The propeller is capable of 
dealing with a relatively great mass of air to which a 
rather low speed is imparted. Thus, good jet efficiences 
are obtained. However, in addition to the losses in the 
slip stream there are losses due to the drag of the 
propeller blades so that the maximum efficiency of 
variable-pitch propellers is about 82 per cent. At 
higher speed, however, the efficiency drops sharply 
owing to compressibility effects, and the speed limit is 
about 650 km/hr. * 

The steady power increase of piston engines has 
reached the present level of about 4000 h.p., but such 
engines are so complicated that they require years of 
development. Their main advantage over turbine and 
rocket engines is comparatively low specific fuel con- 
sumption and this is of especial importance for long 
range flights, when the weight of fuel carried is a 
multiple of the engine weight. 

With the orthodox piston engine 30 per cent of the 
energy contained in the fuel is transformed into me- 
chanical work, whilst 30 per cent is lost in the cooling 
system, and the remaining 40’ per cent is lost in the 
exhaust gases which pass into the atmosphere. This 
exhaust gas loss can be partly saved by passing the ex- 
haust gas through nozzles to produce extra thrust. The 
percentage of this recuperation, in the form of thrust, 
increases with increasing altitude. 

A well-known method of recuperating part of the 
energy contained in the exhaust gases consists in their 
employment for driving turbo-superchargers. 

Below 3,000 h.p., the piston-engine appears to have 
an unchallenged field of usefulness for at least some 
years to come, whilst for higher outputs and higher 
speeds the gas turbine is about to conquer the field. 

The gas turbine is much simpler in construction 
than the piston engine. The absence of reciprocating 
parts makes the turbine engine practically free from 
vibration. Also the limitations imposed by deterioration, 
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(From Flugwehr und Technik, Vol. 9, No. 6, July, 1947, pp. 167-168.) 


are less in turbines and therefore cheaper fuel] can be 
used. However, the efficiency of the gas turbine is still 
rather low. This is partly due to limitations inherent 
in present-day blade materials which operate at tem- 
peratures up to about 850 deg. C. and thus necessitate 
the cooling of the hot gases leaving the combustion 
chambers. It is hoped that improvements will be possible 
by using ceramic blades. 

The axial-flow compressor has an efficiency about 
5 per cent higher than that of the centrifugal compressor. 
Although smaller in diameter, it is longer and heavier. 
The stalling of flow and the higher inertia of axial-flow 
compressors makes the starting of turbine engines 
somewhat difficult. Improved combustion could most 
probably be obtained by increasing the compression 
which at present is 1:4. In contrast to the recipro- 
cating engine, the gas-turbine engine has its optimum 
fuel consumption at full throttle. 

The turbo-jet with present-day jet speeds of about 
500 m/sec., gives speeds at which the use of the pro- 
peller for propulsion becomes impossible. However, the 
efficiency at the highest speeds now obtainable, is still 
relatively low, and this is the reason for the increasing 
use of the turbine engine to drive propellers in the lower 
speed range. At speeds above 650 km/hr. which are 
too high for propeller-propulsion, the efficiency of 
turbo-jets can be increased by using the ducted-fan 
which, driven by the turbine, accelerates part of the 
surrounding air. In this way jet efficiency is improved 
and also the noise generated by the hot gas-jet is damped 
to some degree. With increasing speed the efficiency of 
the ducted-fan decreases.* 

At a certain speed the dynamic pressure reaches a 
magnitude which would make it possible to dispense 
with the compressor and to feed “ ram-air”’ into the 
combustion chamber. Such a turbo-jet aircraft might 
be possible for supersonic speeds but would require 
some kind of take-off aid, e.g. rockets. 

Rockets are of great value in cases where, for short 
duration, a great thrust is required. The main dis- 
advantage of the rocket is its very high fuel consumption 
which limits its practical application to certain types of 
aircraft such as special fighters (e.g. the German 
Me. 163). For the piercing of the scenic barrier, however, 
aircraft equipped with rocket propulsion appear to be 
the most promising at present. 

Great significance attaches to the rocket as an 
auxiliary drive, be it to increase the thrust of aircraft 
during combat or as an aid for take-off. 

The function of atomic energy and its possibilities 
for prcpelling aircraft cannot be answered, but it seems 
to be improbable that the extensive plant required for 
atomic disintegration could be accommodated in an 
aircraft. 

For developments in the next few years one can 
envisage a shifting of interest from reciprocating engines 
to turbine engines driving propellers, until the speed 
increase of aircraft has become sufficient to require th? 
use of turbo-jets not only for military but also for civ! 
purposes. 

*The various forms of jet propulsion and aspects of the turb> 
drive, described in this paper, received theoretical treatment in a1 
article published in the April, 1947, issue of THE ENGINEERS’ DIGEs’. 
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By G. SACERDOTE and D. POLLARA. 


THE first magnetic aperiodic voltage stabilizers were 
developed as far back as 1910 ; these stabilizers are 
generally designed as three-column type transformers 
(see Fig. 1). The network voltage E is applied to the 
central coil, while coil S, is saturated and S, with 
an air-gap is non-saturated. The resultant voltage 
V,=V,—V, (see Fig. 2) is then fairly constant 
when E varies. The stabilization is about + 0°5 per 
cent for variations of up to 20 per cent of the input. 
Two separate transformers can also be used, the first 
being a saturated-core type and the second a non- 
saturated transformer. 
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Fig. 3 Fig. 4. 
Fig. 1. Ferromagnetic voltage stabilizer. 


Fig. 2. Variation of the resultant voltage V; = V; — V2 as 
a function of the network voltage E. 
Fig. 3. Schematic diagram of stabilizer. 


Fig. 4. Complete diagram of stabilizer. 


Stabilizers based on the ferromagnetic resonance 
principle can be regarded as voltage dividers, with a 
non-saturated inductance L’ in series with a rejector 
circuit consisting of a saturated inductance L in parallel 
with a condenser C. Fig. 4 shows the arrangement 
actually used in practice : L’ is replaced by a trans- 
former with a compensating winding L”, and L is also 
replaced by an autotransformer allowing a further rise 
of voltage in the rejector circuit. 





ITALY 


Saturated Core Type Voltage Stabilizers 


(From L’Elettrotecnica, Vol. 34, No. 6, June, 1947, pp. 229-239, 30 illustrations.) 


The relationship between current and voltage in 
an iron-core coil is given by J = k,V”, where v = 7 for 
iron with a high silicon content, and v = 5°5 for stamped 
laminations, while k, is inversely proportional to the 
vth power of the cross-section S of the core, and also 
inversely proportional to the number of turns m and the 
frequency w of the voltage V, so that 


SV \” 
wi). 
SV 


The dimensionless coefficient k, can be obtained 
experimentally for a frequency w, with a coil of section 
So with n, turns, by determining J/I, = ky (V/V,)” = 
= kj when V = V,. Furthermore k, can be eliminated 
by making J, = I for V = V, = 1 ; hence 


Noy (<- ) 
n\ SV, ; 
BEHAVIOUR UNDER NO-LOAD CONDITIONS. 


According to the equivalent circuit of Fig. 3, 
EjwoL/(1 — w? LC) 


® Mh 
f= he 


w n 





I= h—f(V), where f (V) = 


jel’ + [joL/( — w LC) 
or E=VIWL'+Li—e'L/OV/L. 


If the value of the inductance L is a function of the 
effective voltage V across the coil and the effective 
current J flowing through it, then V = jwL(V)I, and 
therefore L = V/[Iy wy f(V)] so that 


E=V(1—w?L’C) + L’ Ih wo f (V). 


For a given function f(V) the no-load characteristic 
E = E(V) is easily constructed graphically, as the 
sum of the two curves I, w, L’ f (V) and (1 — w? L’C) V 
(see Fig. 5). If E < 0 the, V-curve (see Fig. 6) will 
intersect the V-axis ; on reaching the value V, there 
is a phase change of 180 deg. and the curve passes 
through V,’. Beyond this discontinuity the V-curve 
is saturated and has a practically constant value. 
Neglecting phase angles, the curve can be represented 
as in Fig. 7. The critical value F,, corresponding to 
the starting point of the discontinuity for increasing 
values of E, is greater than that of the break-off point 
E,’ which is reached when E is being reduced. 

The purpose of the capacitance is two-fold : (1) 
the input current J = J, + Ic, so that less ampere- 
turns are required for the rcjector circuit, and as I¢ 
is in antiphase, the resultant current J can be very 
small whilst having very large components. (2) C 
has the effect of shifting the saturated portion of the 
curve towards the left, so that stabilization conditions 
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Fig. 5. Graphical construc- 
tion of no-load characteristic. 
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Fig. 6. Behaviour of a stabilizer under zero load. 





Fig. 7. Behaviour of the real stabilizer 
under zero load. 
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will be achieved even for very low values of E. When 
f(V) is known, the value of the critical voltage E, at 
which the discontinuity begins can be found by equating 
to zero the first derivative of FE, and this gives 


LY) = —A — w? L'C)/a L’Iy. 


The value of V,” for the stabilized voltage can be 
obtained by assuming a value for V when E = 0: 


fVYV = —(l— ot L'C)/m LIes 
and if f(V) = (V/V,)” then 
(V4/Vo)"? = — Vo (lL — w? L’C)/(wo L’v Ih) 3 


but then (V,"/V,)""! = — Vy (1 — w® L’C)/(a L’ Ih) 


1 

1 
so that finally V,’/V, = v 
Por v7, V/V; = 1383 
is 1°48. 

Instead of connecting L’ to the last turn of L, the 
connexion can be to an intermediate point of the 
latter, so that L will work as an autotransformer. In 
this case; we must replace (1 — w? L’C) in the equation 
of the resonant circuit by 


(mo 2)e4] [20] 


and as L’C is now multiplied by the factor (1 + n,/n.)? 
we can reduce the value ot L’C by this same factor. 
The equation for FE then becomes 


i’ nN; 2 
a ee 
z No 
ny 
eS 
ny 


The current absorbed is determined by E = jw L’ I + V, 
therefore 


the experimental value 





Wo 
| I | = Ig —- f(V)— wCV, 
w 


where V is obtained graphically from V (1 — w? L’C) 4 

| L’'Iy wf (V) = 0. As shown in Fig. 4, a few extra 
turns are added to L’ to compensate for the slight 
increase of V, so that the output voltage may remain 
practically constant. The effect of these extra turns 
is to overcompensate the output voltage so that V will 
decrease over a certain portion of the curve when E 
increases. 


OHMIC LOAD. 


When a purely resistive load R is used at the output 
of the stabilizer, the operating conditions are given by 


E = w, 1, L’f (V) + (l—w* L’C) V + VjwL’/R 
= E,+ V(jwL’)/R : 
where E, represents the zero-load voltage. 


The stabilized region of the characteristic, beyond 
the discontinuity, can be obtained by determining the 
minimum value of the resistance. We have 


E? = E,? + V?(wL'/R)? 
and for simplicity we can write 
E? = (aV” + bV)? + V?(wL’/R)? 


From this it follows that the voltage V, for which the 
vertical part of the curve is obtained is 


Vi," t= —b(v + 1)/2va 
and the limiting value of the resistance is given by 
R=24/r wL'/[(v—1) (1— a? LC). 
If V,” is the stabilized voltage at zero load, then 
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1 

ri 
V/V," = [w+ D/2v] = 091 for» = 7. The 
corresponding power is W = V,”?/R. In general, if 
2/(v— 1) = a, (» + _1)/(v — 1) = B, the power is 


V2 yv+1\24 1 be 
w-—-( ) ae 
R 2v aV/voL’ qi/a 


REACTIVE LOAD. 








If the reactive impedance p (cosy + 7 sing) is 
substituted for R, then 
joL’ 
E = af(V) + bV 4 V 


p (cose + 7 sing) 





w L” 
and #E* = [ orn - bV)? + v* | 
p? 


, 





wl 
+ 2 [af(V) + dV] V 
p 
or after putting EZ, for E when cos» = 1, and E, for E 
at zero load : 


sin 9, 


VoL’ 





F?=6?+2E sin¢. 


p 


EXTERNAL CHARACTERISTICS. 


The external characteristics of the stabilizer can be 
obtained graphically from the curves of Fig. 8. We 
will only consider here the case of an ohmic load. The 
general equation for the external characteristics is 

E? = [af(V) + VP? + wo LP, 
which corresponds to a family of curves E = const. in 
the V — J diagram. When V = 0, the short-circuit 
current is given by w L’J = E (see Fig. 9) ; Imax and 
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Fig. 8. Stabilization characteristics for various loads. 
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Fig. 9. Externa! characteristics. 


THE ENGINEERS’ DIGES7* 








maxi 
yr 
the ’ 
. ap 
1S V 


angle 
point 
line 

point 
and | 
volta; 
is in 
cann¢ 


V3 
maxi 
maxi 
alreac 
value 
secon 
beyo! 
irregt 
and |! 
coinc 
point 

T 


of th 
and i 
chara 
condi 
incre 
incre 
a lir 
volta; 
quen 
is in¢ 
conti 
rema 
tortic 
inves 
frequ 


I 
know 
the ¢ 
termi 
draw 
of th 
whic] 
varia 
To « 
diagr 
and 
perm 

= et 
lines 
j, an 
n th 

I 
gene! 
"epre 
"espe 
vith 
limit: 


DEC 








The 
5S = 


rE 





- equal to that of the short-circuit current. 





I,.in are then determined by f(V)/V = — b/a and 
dj. V)/dV = — b/a respectively, so that the corre- 
sp onding voltages for maximum and minimum current 
are independent of FE. In the more general case it 
can be shown that the value of the maximum current is 
Assuming 
fl V) = - V’*, then the voltages corresponding to the 
maximum and minimum currents will be given by 
Vet = — b/a and vV"™! = — b/a._ The ratio of 
the voltages for maximum and minimum current 

= 
is v 

The load resistance is equal to the tangent to the 
angle % between the abscissae and the line joining a 
point P of the characteristic to the origin. The load 
line can intersect the characteristic at one or more 
points ; in the latter case there will be a discontinuity, 
and (see Fig. 9) when the resistance is reduced the 
voltage drops suddenly from M to N, whilst when R 
is increased it passes from N’ to M’, as the voltage 
cannot follow the N’ M portion of the curve. 


SECOND DISCONTINUITY. 


Under no-load conditions, the limitation of the 
maximum supply voltage is frequently due to the 
maximum permissible current in the conductors. As 
already seen, this current increases with increasing 
values of E, but under certain conditions there is a 
second jump in the characteristic when E increases 
beyond a certain limit. The stabilizer then works 
irregularly, producing intermittent noises ; the starting 
and breaking-off points E and E, of the jump do not 
coincide, and the break-off is lower than the starting 
point. 

This instability phenomenon is due to the inductance 
of the saturated coil which varies periodically with time 
and is the cause of vibrations with a non-linear response 
characteristic. E and E£, vary according to circuit 
conditions and it has already been mentioned that on 
increasing C or L’ the two voltages E and E, both 
increase, so that they are connected to each other by 
a linear relationship. In the instability zone the 
voltage is not synchronous with the impressed fre- 
quency ; oscillograph tests showed that when voltage 
is increased still further there is a third point of dis- 
continuity beyond which the output voltage tends to 
remain stable but with a considerable amount of dis- 
tortion. These phenomena are related to those being 
investigated for the development of ferromagnetic 
frequency multipliers. 


GENERAL OPERATING CONDITIONS. 


In magnetic stabilizers it is generally necessary to 
know the voltage range over which, for a given power W, 
the output voltage can be maintained within prede- 
termined limits. The most appropriate method is to 
draw an E — W diagram giving the operating region 
of the stabilizer, which is bounded by the points at 
which the output voltage is just within the limits of the 
variation allowed by the general operating conditions. 
To obtain this diagram, we first draw in a V — I 
diagram (see Fig. 10a), the two straight lines V = V, 
and V = V, limiting the output voltage within the 
permissible variation. An external characteristic E = 

= const. will then intersect one or the other of the 
lines V, or V, at a point P with a corresponding current 
!, and hence a power W = I, V,. We can then plot 
in the E — W diagram (Fig. 10b) a point O (E; 
WY = V,.4). 

In a well-compensated stabilizer the region will 
generally be bounded by a curve with two branches, 
representing the intersections of E with V, and V, 
‘espectively. The permissible region becomes narrower 
with increased power, and in some cases there is a 
limiting value for the power. Furthermore, as the 
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Fig. 10. Operating conditions. 
a. External characteristics. b. E-W diagrams. 


voltage corresponding to the second jump must not be 
exceeded, we can draw the line E = Emax giving the 
maximum allowable value of E. Also, the maximum 
permissible current of the conductors must not be 
exceeded, hence the region will be closed by a line of 
maximum power which can be found experimentally, 
so that the external characteristics can be retraced up 
to the points M for which the current J reaches its 
maximum permissible value. The locus of the points 
M plotted in the E — W diagram gives a further re- 
striction of the operating region, which can now be 
used to determine the nominal power of the stabilizer 
under given operating conditions. 


EFFECT OF NETWORK FREQUENCY. 


Voltage stabilizers with a tuned circuit are con- 
siderably affected by variations in network frequency, 
as can be seen from the working equation, which can 
be reduced to the following form : 

E=av"’ +(1—o? L’C) V, 
the stabilized voltage V at zero load being obtained by 





putting E = 0. The percentage variation is then 
dV 2 wL’C dw 
Yr) SCH « 


and as for high frequencies, w? L’C/(w? L’C — 1) = 1, 
we can write dV/V = 2 dw/[(v — 1) a). 

When approaching resonance conditions, the ratio 
dV /V tends to reach very high values. This variation 
of stabilized voltage with frequency is a considerable 
drawback of these stabilizers, but when the load is 
nearly constant it can be eliminated to some extent by 
means of a correcting circuit. Generally a rejector 
circuit is connected in series with the load and adjusted 
in such a way that its impedance will increase with 
frequency ; the load voltage then has a maximum value, 
in the vicinity of which the frequency variations lose a 
considerable part of their effect on the stabilized voltage 
of the output. 


SHAPE OF THE STABILIZED VOLTAGE. 


Ferromagnetic stabilizers are characterized by an 
output voltage with considerable distortion, owing to 
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Fig. 13. 


Fig. 11. Stabilizer with sinusoidal output voltage. 
Fig. 12. General four-pole. 
Fig. 13. L-type circuit. 
the presence of 3rd and 5th harmonics due to the 
saturated coil. This is not generally a drawback, except 
in certain cases, e.g. for the supply of measuring 
bridges which are sensitive to the shape of the voltage 
pulse. A good smoothing circuit for harmonics is 
given in Fig. 11, where the capacitive branch is divided 
into two branches rejecting the 3rd and 5th harmonics, 
respectively. The output voltage has a practically 
sinusoidal form, and can be kept constant as in the 
basic circuit which is the subject of this investigation. 


GENERAL THEORY. 


Various other stabilizer circuits can be developed 
with special characteristics. The theory is compli- 
cated by the non-linear character of the circuits, and 
we will maintain the simplifying assumptions already 
made. 

Consider a passive four-pole in which V,, 7, and 
V., I, are the input and output voltages and currents. 
The saturated coil is on the output side (see Fig. 12). 
The equations of the four-pole are then 

V, = AV, + BI, and I, = CV, +- Dl. 

But V, = jwLI,,so that V, = [A + (B/jwL)] V2. 
The relationship between V, and J, at the coil is given by 
L = V,/[Ip af (V2)) 

BI Jf (V2) 
hence V, AV, + ——————_—- .. 
jw 
A and B are generally complex quantities : 
A A, jA, B = B, + jB,. Therefore 
Wy 
V, = (A, SV»), 


As) V, (B, pas JB) Iy 





w 
the absolute value being 


Wo . 
Vj? = [4 V, + Ba Ig v9 | = 


w 


) [4 Ahh -e ] 


@ 








This equation has the same general form as the equation 
of the system working on a given load. The load can, 
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Fig. 14. Stabilizer with condenser in series. 
Fig. 15. Stabilizer with resonant circuit in parallel. 
Fig. 16. Stabilizer with resistance in series. 
Fig. 17. Stabilizer with parallel resistance. 


in fact, be included as a constituent element in the 
four-pole. Circuits with particular characteristics can- 
not be obtained’as the operating conditions vary, but 
certain circuits given below are of interest. 

The L-type circuit (Fig. 13) is determined by the 
following constants 

A=1+ (4,/2,); B=%Z3 

hence 


wy 


x. 
E (: rt ale f(V). 
Zs w 





When Z, is an inductance and Z, a capacitance, the case 
already discussed is obtained. For the functioning of 
purely reactive circuits under zero-load conditions, we 
can write 


LZ; wy 
E (1 )y t+ 24, FCO). 
Z3 w 
where the Z’s represent the absolute values of the 
reactances. For instance, Z, can be a rejector circuit 
and Z, an infinite impedance, then 





oL Wy 
E=V+——— I, 
1— wv’ LC w 
Another type of circuit is obtained by making the 
substitution 
Z, = —1/0C’ 3; Z, =—1/aC 
(see Fig. 14) so that 


Cc Ih wy f (V) 
E={1¢4 —] Vv ————-_. 

C’ a? C’ 
With this circuit the inverse conditions are alway: 
valid, since there is a value of V different from zero 
when E = 0. The circuit varies linearly with fre- 
quency, and this feature may be of interest for voltage 
stabilization at higher frequencies. 


A further interesting circuit is determined by 
Z, = wL’ — (1/wC’) and Z, = — 1/aC, 


w? L’C’ — 1 
then E = E + ——— | V 
CG’ 
wL’C’ — 1 


+ Ip wo f (V) mao 3 


w 





f(V). 
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for E to be equal to zero, we must have 
w f(V) C’ 4+- C (wL’C’ — 1) 





0 > 


w V wL’C’ — 1 
ond if we then put C = 0, this gives 
(w*L’C’ — 1) 
E= V+ ——————— f (V) w& I. 
wC 


E = 0 if w*L’C’ < 1, that is, w must be less than the 
resonant frequency of the circuit, whereas in the normal 
stabilizer the condition for discontinuity is w > wy. 
By combining these two circuits we can thus obtain 
different starting and breaking-off points. 
wLC — 1 
Finally, if Z, = wL’ and Z, = —————— 
wC 
(see Fig. 15) then 
[= (L+L’)C—1 
w LOC— 1 


Under resonance conditions w*=LC — 1 = Oand V = 0, 
so that the frequency w is filtered out, while for other 
frequencies the general conditions apply. The circuit 
is therefore capable of eliminating a harmonic by using 
the corresponding LC value. 

Ohmic resistance circuits (see Fig. 16) are obtainable 
for instance by substituting Z, = Rand Z, = —1/aC ; 





|v + wo Iy L’f (V). 


Wy 
then E = (1 + jwRC) V —jRI, mon (V) 
@W 


w 


w 
and B? = V8 + [ excv—1R Br ww) |. 


It can easily be shown that in this case there will also 
be a discontinuity followed by a stabilized region, but 
in this type of circuit the compensating windings cannot 
be used. For stabilization, the resistance R must be 
large relatively to the overall impedance of the shunt 
circuit, therefore the efficiency will not be very high. 
The circuit has nevertheless been employed in some 
cases because of its simplicity although the stabilized 
portion of the characteristic is very short. 

If Z, = jwL and Z, = R/(1 + jwRC) (see Fig. 17), 
then 


R I,m 3 
EP = |» KY) ] + 
¥ 2b 


R® Iya a 
+ | fV) ] 
1 + (wRC)? 


It can be shown that if f(V) = V” the break-off point 
will exist if the characteristic has a vertical portion, that 
is, provided wRC = 2 v/(v— 1). For the circuit 
of Fig. 17 the condition for the vertical portion is given 
by wRC = (v — 1)?/4». 

By means of cascade circuits a variation of much 
less than one per cent can be obtained in the output 
voltage, in spite of considerable variations in the input 
voltage. Circuits of this type can therefore be employed 
in measuring instruments, such as frequency meters, 
recording voltmeters, etc. When the supply voltage 
is at constant frequency, a capacity meter of the direct- 
reading type suitable for determining higher capacity 
values can be developed. The property of the initial 
discontinuity in the output voltage enables the con- 
struction of an a.c. relay with a low absorption factor 
and great sensitivity, and frequency-sensitive relays can 
also be designed by combining these various circuits. 





SWITZERLAND 


The Influence of Initial Steam Conditions on Overall 


Efficiency and Costs of Condensing Turbine Plant 
By W. R. Fetrx. (From Brown Boveri Mitteilungen, Vol. 33, No. 12, December, 1946, pp. 379-385, 7 illustrations.) 


IN spite of the growing competition of gas and hot-air 
turbines, the steam turbine will remain an important 
prime-mover in large power plant. Its economic 
advantage lies in its high overall efficiency, and it is in 
relation to this overall efficiency that the installation of 
feed-water heaters, or steam re-heaters, and the right 
choice of initial steam pressures and temperatures must 
be considered. 


OVERALL THERMAL EFFICIENCY 


The overall thermal efficiency ytn includes the 
separate efficiencies of the boiler, turbine, generator, 
condenser, feed heaters, and feed pump, and compares 
the generator output energy measured at the brushes 
with the corresponding input heat energy of the fuel. 
The heat consumption of the plant is then 

860 3412°5 
kcal/kWh 
nth Nth 
The overall thermal efficiency was calculated, for varying 
initial steam conditions, from practical data relating to 
a 50,000 kW., 50 cycle turbo-generator set at an econo- 
mical load of 40,000 kW. and with a cooling-water tem- 
perature of 15 deg. C. (59 deg. F.). The turbine was of 
the multi-cylinder high-efficiency type and the number 
of cylinders and L.P. stages used was adapted to the 


H.C. B.T.U./kWh. 
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various initial and exhaust steam conditions. In other 
words, the most suitable design was selected for the 
conditions chosen. Modern condensing steam turbo- 
groups should always include feed-water heating by 
extraction-steam, as this largely improves the overall 
efficiency. For purposes of comparison, feed heating 
in 4 to 5 stages was assumed to bring the feed-water 
temperature at the turbine inlet to 65 per cent of the 
saturation temperature at initial steam pressure at 
turbine inlet. Average practical values were taken for 
the energy consumption of the motor-driven condensate 
pumps. Motor-driven feed pumps were assumed to 
pump water against a head 25 per cent in excess of the 
steam pressure at superheater exit. Pipe losses between 
the boiler and the turbine inlet were estimated as 10 
per cent pressure drop and 15 deg. C. (27 deg. F.) steam 
temperature drop, and losses between the turbine and 
feed heaters were included in efficiency calculations 
for the feed heaters. Average modern boiler efficiency 
was assumed. Energy consumption of the boiler 
auxiliaries has been included in the final overall efficiency 
figures. As it depends on the type of fuel and furnace 
design only, it does not enter into the present con- 
siderations regarding the influence of varying initial 
steam conditions. 

The J—¢ chart Fig. 1 shows, in faint lines, the 
initial steam pressures and temperatures at the turbine 


4\l 





throttle and, in thick full lines, the calculated overall 
thermal efficiency obtainable, from the chosen initial 
steam conditions, in a condensing turbine of the type 
just described. These efficiencies can thus be deter- 
mined for all initial steam conditions within the limits of 
285 and 2,560 Ibs./sq. in. abs., and of 375 and 600 deg. C. 
The influence of higher or lower initial pressures with a 
given temperature, or of higher or lower temperatures 
with a given pressure, can be estimated from the graph. 
The graph values refer to a cooling-water temperature 
of 15 deg. C. (59 deg. F.) but although the absolute 
values of efficiency change for different cooling-water 
temperatures, their relative differences remain un- 
altered. The dotted lines indicate an equal theoretical 
dryness fraction of the expanded wet steam at turbine 
exhaust, under the assumption that moisture separators 
are not fitted to the last L.P. turbine stages working in 
wet steam. On the one hand, initial steam conditions 
should always be so chosen that the final theoretical 
dryness fraction is not lower than 0-85 (shaded in Fig. 1). 
Up to this limit, moisture separators can satisfactorily 
prevent any noticeable erosion damage to the last L.P. 
turbine stages. On the other hand, a high dryness frac- 
tion, at the exhaust, would require very high initial steam 
temperatures if the turbine efficiency is to be kept up. 
This would be disadvantageous, and in practice, initial 
steam conditions should be limited to give a theoretical 
dryness fraction of the exhaust steam, between 0-88 
and 0-85. Fig. la shows the assumed feed water tem- 
peratures after the last feed heater stage as a function 
of the chosen initial steam pressure. 


Fig. 1. Overall thermal efficiency of a 

40/50000 kW. rated turbo unit, running at 

3000 r.p.m. under the most economical 

load (40000 kW.) with 15 deg. C. cooling- 
water temperature. 


STANDARDIZATION OF INITIAL STEAM 
CONDITIONS 


To simplify boiler and turbine design, certain 
standard values for initial steam conditions have been 
suggested and appear to be widely adopted. 

Brown Boveri standards : 


510 Ib./sq. in., 435 deg. C. 


1010 ,, 485 ,, 

(or 1150 sy, S00 45 latest 
1420, 550° 5 recommendation 
1990, 600 4, J for largest plants. 


France and Belgium : 
940 Ib./sq. in., 500 deg. C. 
1150 ,, 500, 


U.S.A., approximate values only : 
410 Ib./sq.in., 400 deg. C. 
610 ,, 440 ,, 
870 ,, 480 ,, 
i270. 510, 


All these initial steam standards lead to a theoretical 
dryness fraction, of the exhaust steam, of between 
0-85 and 0-88 if the assumed turbine conditions are 
adhered to. The latest tendency is to approach, as 
far as possible, a dryness value of 0-85 as with this 
lower value, the initial steam temperatures, for pressures 
of 1,420 or 1,990 lb./sq. in., can still be reduced by 
about 25 deg. C. Turbine capacities should also be 
standardized and Brown Boveri are using the following 
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feed heater stage. 
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Pe 
Vig. 2. Overall thermal efficiency as a function of initial steam 
conditions, Brown Boveri standards, 15 deg. C. cooling-water 
temperature. 
Nxr oV mV | tva mV mZ 
kW \ % tsE 
10,000 | Curve 1 Curve 5 9-60 
16,000 s 2 % 6 0-60 
25,000 99 : a a 0-60 
40,000 a —— 0-65 Curve 9 





Nx = Nominal (most economical) load at generator brushes, kW. 
oV =without feed heating. 

mV =with feed heating. 

mZ = with steam re-heating. 

ts: =Saturation temperature of steam at initial pressure, deg. C. 
"th = Overall thermal efficiency, per cnt. 

Py initial steam pressure, lb. per sq. in. abs. 

tg =initial steam temperature, deg. C 

tya =feed-water temperature after last feed heater stage, deg. C. 


standards ; the first figure giving the most economical 

load, and the second the maximum continuous rating : 
10/12,500 kW. 32/ 40,000 kW. 
12/16,000 kW. 40/ 50,000 kW. 
16/20,000 kW. 50/ 64,000 kW. 
20/25,000 kW. 64/ 80,000 kW. 
25/32,000 kW. 80/100,000 kW. 


INFLUENCE OF ELEVATED INITIAL STEAM 
CONDITIONS ON THE OVERALL THERMAL 
EFFICIENCY 


Fig. 1 is based on a 50,000 kW. unit which may, 
however, be too large for many power stations, and 
Fig. 2 therefore shows the overall efficiency of smaller 
units, for the various initial steam standards suggested 
by Brown Boveri. Units larger than 50,000 kW. have 
only a slightly higher overall efficiency if initial steam 
conditions are very high. They have therefore been 
left out of these considerations. Fig. 2 also illustrates 
the large efficiency improvement obtained by the 
addition of feed heating. 

Curve 9, Fig. 2, shows the improvement obtainable 
if after a one-third temperature drop in the H.P. stages, 
the steam is re-heated to the initial steam temperature. 
In this connection, the losses in pipes between the 
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turbine and re-heater were taken to be the same as 
between the boiler and turbine, and the re-heater 
efficiency was assumed to be equal to the boiler efficiency. 
The total improvement obtained by steam re-heating 
is of the order of 3 per cent and can be increased to 
4 per cent if pipe losses are kept small. As the improve- 
ment is mainly due to the elimination of moisture from 
the last L.P. turbine stages, modern moisture separators 
could, in most cases, effectively replace a re-heater 
and the addition of re-heating equipment only offers 
definite advantages with very large basic-load turbine 
units. Brown Boveri prefer to super-heat steam to the 
highest possible temperature before resorting to the 
installation of re-heaters. If re-heaters are adopted, 
then they are designed for the greatest possible efficiency 
improvement, and flue-gas heat exchangers or separately 
fired boilers are used to re-heat the steam to the initial 
inlet temperature. Fig. 2 finally indicates that the 
larger the turbo unit capacity, the greater is the improve- 
ment in efficiency obtainable by using elevated initial 
steam conditions. 
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Fig. 3. Specific investment costs per kW. installed of the 
turbine plant, at initial steam standards suggested by Brown 
Boveri and with 15 deg. C. cooling-water temperature. 
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Nx | oV mV ‘va mV mZ 
kW % tee | 

10,000 Curve 1 Curve 5 0-60 
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25,000 se ‘on 8 0-60 
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Kya =SPecific costs of turbine plant, per cent. 

Nx; =nominal (economical) load at generator brushes, kW. 
oV without feed heating. 

mV =with feed heating. 

mZ with steam re-heating. 


Pr initial steam pressure, Ib. per sq. in. abs. 
te initial steam temperature, deg. C. 
tva feed-water temperature after last feed heater stage, deg. C. 


saturation temperature of steam at initial pressure, deg. C. 
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INFLUENCE oF INITIAL STEAM CONDITIONS 
ON CAPITAL INVESTMENT For TURBINEPLANT 

The term “turbine plant” as used here includes 
turbine, generator with exciter, condenser, motor- 
driven condensate pumps, feed heaters with separate 
boilers for 5 per cent make-up, and internal pipe ducts, 
but not the feed-water tank. The turbine plant invest- 
ment costs are calculated for the standard output units 
already mentioned so that any improvement in efficiency 
can be directly set against the change of the correspond- 
ing capital investment. The specific costs per kW. 
installed, i.e. the ratio of total turbine plant costs to 
maximum continuous rating, are given in Fig. 3, as 
per cent of the same ratio for a 2-cylinder, 10/12,500 kW. 
rated unit with 285 lb. per sq. in., using 375 deg. C. 
initial steam, but without feed heating. If therefore the 
capital costs of this particular turbine plant are known, 
the curves of Fig. 3 serve to determine whether an 
increase of initial steam conditions is justifiable, i.e. 
whether the saving in fuel would pay for interest and 
depreciation of the additional investment. The values 
shown are averaged for the different turbine types used 
because otherwise no continuously smooth curves could 
be obtained. They are again based on a 15 deg. C. 
cooling-water temperature. A different temperature 
would require a change in the L.P. arrangement, and 
the curves would become steeper for lower, and flatten 
out for higher cooling temperatures. 
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Fig. 4. Specific turbine plant costs as a function of unit putput, 

at pe=1010 Ib. per sq. in. abs., te=485 deg. C., thxw=15 deg. 

C. (59 deg. F.). 

Kya =Specific costs of turbine plant, per cent. 

Nx; =nominal (economical) load at generator brushes, kW 

Pg initial steam pressure, lb. per sq. in. abs. 

te =initial steam temperature, deg. C. 

txw =cooling-water temperature, deg. C. 

oV =without feed heating. 

mV =with feed heating. 

mZ =with steam re-heating. 

Fig. 3 also illustrates the influence of unit size on the 
specific costs. For smaller units, the costs drop steeply 
with increase of unit size, but for larger units, the 
reduction of specific costs is only small. The greater 
the unit output, the lower are the specific costs and the 
higher is the overall thermal efficiency. This statement 
is amplified in Fig. 4. However, the choice of unit 
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Fig. 5. Possible improvement of overall thermal efficiency and 

reduction of turbine plant costs with increasing initial steam 

conditions and unit output. 

Basic unit (0 per cent): 25/32,000 turbo unit, designed for 510 

lb. per sq. in. abs., 435 deg. C. initial steam conditions, 15 deg. C. 
(59 deg. F.) cooling-water temperature, with feed heating. 











Nxr | mV | ‘Va mV mZ 
kW | | % tsE 
25,000 | Curve 7 | 0-60 
40,000 at 2 | 0-60 Curve 9 
A improvement or reduction, per cent. 
nth overall thermal efficiency, per cent. 
Kya Specific costs of turbine plant, per cent. 
Pr =initial steam pressure, lb. per sq. in. abs. 
te initial steam temperature, deg. C. 


Ng; =nominal (economical) load at generator brushes, kW. 

mV =with feed heating. 

mZ =with steam re-heating. 

tya feed-water temperature after last feed heater stage, deg. C. 
ts, | =Saturation temperature of steam at initial pressure, deg. C. 


output is governed by extraneous factors such as yearly 
and daily load diagrams, reserves required, character- 
istics of electricity net work, starting-up time of mach- 
inery, and costs of keeping reserve capacity available. 


ADVANTAGES OF ELEVATED INITIAL STEAM 
CONDITIONS 

Fig. 5 combines the results shown in Figs. 2 and 3 and 
contrasts efficiency improvements with the correspond- 
ing changes in specific turbine plant costs; the basic 
unit (0 per cent change) being a 25/32,000 kW. rated 
turbine plant with 510 Ib. per sq. in., 435 deg. C. initial 
steam and with feed heating. This particular turbine 
plant takes up about 28 to 30 per cent of the respective 
total power plant costs whilst the boiler plant, including 
the boiler and furnace, feed pumps, purifiers, fuel 
storage, fuel and slag transport, accounts for another 
43 to 45 per cent. The specific costs of boiler plant for 
the different initial steam conditions cannot easily be 
analyzed. It will be safe to say, however, that the 
choice of elevated initial steam conditions, by decreasing 
turbine plant costs, although necessarily increasing 
boiler plant costs slightly, cannot appreciably increase 
total power plant costs. These reflections are valid 
for average values of relative plant costs only and for 
present-day Swiss practice. 

Turbines with 1990 lb. per sq. in. initial steam 
pressure and 600 deg. C. temperature are functioning 
satisfactorily. Moreover, recent experience with gas 
turbines forms a valuable contribution to the satis- 
factory design of high-pressure high-temperature stage: 
of steam turbines. 
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Two-Stage Sludge Removal 


By I. Pirin. (From Zheleznodorozhni Transport, No. 4, 1947, pp. 77-79, 3 illustrations.) 


THE chemical treatment of the feedwater employed in 
locomotive practice for the purpose of inhibiting scale 
formation produces a large amount of sludge which 
must be removed from the boiler. The method usually 
employed consists in the periodical blow-down of the 
boiler, but despite its manifest simplicity this method 
possesses serious shortcomings. Not only does it 
involve the loss of considerable quantities of water from 
the boiler, but this water loss in turn leads to a wasteful 
expenditure of heat. It will be sufficient to say that in 
practice the water loss incurred in this way amounts to 
some 6 to 8 per cent of the actual evaporation. A 
more effective method of sludge removal which reduces 
the water loss is therefore called for. The sludge 
removal device proposed by the author and described 
in the present article suggests a novel solution of the 
problem. 
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Fig. 1 


The working principle of the proposed system of 


sludge removal rests upon the utilization of the water 
circulation for this purpose. The amount of sludge 
to be removed increases with rising rates of evapora- 
tion ; but the rate of circulation also increases with 
the load. Thus, by basing the action of the sludge 
removal system upon the water circulation, the rate 
of sludge removal also rises with the evaporation. 














Fig. 2 


DECEMBER, !947 Volume 8, No. 12 


The circuit diagram of the proposed system is given 
in Fig. 1. Here two sludge collectors (1) and (2) are 
seen to be provided. Collector (1) effects the precipi- 
tation of the temporary hardness of the incoming feed- 
water by thermal treatment, while device (2) forms 
part of a water circuit including a siphon tube in the 
firebox. Sludge discharge from the two sludge col- 
lectors is effected by operating the ‘“ Everlasting ” 
valves with which the two sludge collectors are equipped 
(Figs. 2 and 3). 

In Fig. 2 is shown the feedwater dome of a Russian 
locomotive. The height of the dome was increased 
by 265 mm. (10’/,, in.) in order to accommodate the 
sludge collecting hopper (2). There are two feed- 
water supply pipes (3) connecting with the injector 
(Fig. 1). Pipe (4) is the overflow discharging the 
preheated feedwater into the boiler, and tube (5) 
represents’ the steam supply line which introduces 
steam into the dome for feed heating purposes. The 
concentric return baffle (6) serves to lengthen the path 


heating effect. The final water temperature obtained 
ranges from 140 to 150 deg. C. 

The sludge produced by the precipitation of the 
salts constituting the temporary hardness is collected 
in the hopper (2), from whence it is discharged by 
operating the “ everlasting ” valve (7). If the latter 
is opened at a time when no feedwater is supplied to 
the boiler, the discharge of water will terminate in a 
discharge of steam when the feed heating dome has 
run dry. 

The design of the second sludge collector is shown 
in Fig. 3. The fiow of the waier through this collector 
is caused by the natural circulation induced by the flow 
in the evaporating siphon tube. This circulation also 
serves to prevent the accumulation of sludge in the 
siphon itself. The operation of the sludge separator 
is based upon the principle of centrifugal separation, 
i.e. of a cyclone. This makes it possible to obtain a 
satisfactory effect with a minimum of pressure drop 
in the separator and without the employment of baffle 
plates in the latter. The separating effect is increased 
by the tangential admission of the water to the collector. 
It has been calculated that the amount of water cir- 
culating through the sludge collector per hour is more 
= twice the maximum evaporating capacity of the 
boiler. 
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Vacuum Furnace for Laboratory Use 
By R. KigssLinc. (From Teknisk Tidskrift, Vol. 77, No. 32, 1947, pp. 586-587, 5 illustrations.) 


A vacuuM furnace suitable for temperatures up to 
2200 deg. C. has been built at the Chemical Institute at 
Uppsala. A sectional view of this furnace, which is of 
the type originally suggested by R. D. Evans,* is given 
in Fig. 1. In this design an alternating current of 200 
to 500 amp. is passed through a graphite tube which is 
split over the greater part of its length. Because of the 
difficulty of obtaining a suitable transformer, the resist- 
ance of the tube was increased by peripheral slits as 
indicated in Fig. 1. The two upper halves of the 
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Section B-B 


Fig. 1. Vacuum Furnace. 


tube (separated by the longitudinal slits) are insulated 
from each other by two refractory rods. At its upper 
end the tube is gripped by two copper terminals each one 
insulated from the other, so that the electric current 
passes through the graphite tube from one copper clamp 
to the other. This arrangement represents an improve- 
ment over earlier designs insofar as it enables the tube 
to expand freely, thus eliminating danger of fracture. 
Moreover, uniformity of temperature at the lower end 
is also improved. 

The furnace casing consists of a double-walled steel 
cylinder with a double-walled cover to which the afore- 
mentioned terminals are attached by means of four 
copper tubes. The latter, which serve both as con- 
ductors and cooling water pipes, are insulated against 
the steel cover by vacuum-tight ebonite packings. Both 
the steel cylinder and the steel cover are cooled by water 
circulated through the jackets formed by the double 
walls. 

In order to minimize heat loss by radiation, a shield 
in the shape of a number of concentric cylinders is pro- 
vided. The two innermost of these, which rest upon a 


*R. D. Evans: “ A vertical vacuum split tube graphite resistance 
furnace,” Rev. Sci. Instr., Vol. 4, 1933, P. 391. 
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bottom piece of graphite (Fig. 1) are made of graphit: 
and the annular space between them is filled with 
graphite powder, the latter being degassed unde: 
vacuum at 2000 deg. C. The three outer concentric 
cylinders are made of sheet steel. At the top the 
resistor tube is covered with a refractory lid and a brass 
lid is provided in the top of the furnace. Both lids 
have a central hole. The crucibles are placed upon « 
graphite stand and the melting process can be observed 
through a glass window in the top part of the furnace. 








TEMPERATURE 
cor TEMPERATURE 
2000r oir 
IOOOF 1000 
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Fig. 2. Heating and cooling curves of furnace. 


a. Final furnace temperature versus input. 
b. Heating curve with 7 kW input and vacuum operation. 


Connexions for the admission of gas, the insertion of 
thermocouples, etc., are also provided. 

The furnace is evacuated through a tombac tube of 
20 mm. diameter which is connected to an oil diffusion 
pump of 4 litres per hour capacity. There is also a 
rotary pump and a Gaede vacuum meter is inserted in 
the line connecting the two pumps. The electric 
current is supplied by a 12 kW single-phase trans- 
former with the following secondary taps: 12 V, 600 
Amp. max.; 24 V, 500 Amp. max.; 36 V, 333 Amp. 
max. ; and 48 V, 250 Amp. max. On the primary side 
the transformer is connected in series with a rheostat 
to the 220 V supply system. The electric power 
requirements and the heating and cooling characteristics 
of the furnace are charted in Figs. 2a and 2b respec- 
tively, from which it will be seen that a temperature of 
2000 deg. C. under vacuum is reached (within 15 
minutes) with a power of 10 kW. The furnace can be 
opened 30 minutes after shutting off the current. 
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Fig. 3. Temperature distribution along graphite tube for 
constant input of I., 2:88 kW and II., 2:25 kW (vacuum opera- 
tion). 
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The temperature of the melt is measured by means 
of an optical pyrometer. When measuring tempera- 
tures in excess of 1300 deg. C. an arrangement is used 
which is based upon measuring the total light emission 
radiated upon the furnace window. On the bottom of 
a wood or bakelite tube which fits upon the top of the 
furnace a barrier-layer type photocell is fixed which is 
connected with a micro-ammeter. At a temperature 
of 2000 deg. C., with a hole of 6 mm. diameter in the 
furnace cover, a current of approx. 170 p A is recorded. 
The temperature can be read off with an accuracy of 

15 deg. C 


The temperature distribution along the graphite 
tube is charted in Fig. 3, which refers to inputs of 
2:88 kW and 2-25 kW respectively. The length of the 
service life of the graphite tube at 2000 deg. C. under 
vacuum approximates to 10 hours. It should be possible 
to lengthen the service life further by using a transformer 
of still higher secondary amperage, say, 1000 Amp., so 
that it would not be necessary to increase the resistance 
of the tube by the aforementioned peripheral slits. 

The furnace is used for the investigation of the 
chromium-boron and the nickel-boron system and for 
many other purposes. 
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Stabilization Tests of Synchronous Generators with Rapid 
Regulation of Excitation for Power Transmission over Long 
Distances 


By C. LAVANCHY. 


THE synchronous generator with excitation in the 


longitudinal axis* was subjected to a series of tests 
using the installation shown in Fig. 1. The synchro- 
nous machine G, driven by a d.c. motor not indicated 
in the figure, was connected to a network through the 
model power-lines L, and L,. Each of these lines was 
represented by a z-type circuit which at 50 c/sec. 
frequency was equivalent to a real line 850 km long 
with a wave resistance of 4°33 ohms, corresponding to 
a natural power of 325 kW at the appiied voltage of 
374 volts. A centre tap was provided on L, to enable 
three-phase or single-phase short circuits to be made. 
Circuit breakers were placed at the centre tap and at 
the two ends of the model lines so as to be able to simu- 
late disturbances of the types occurring under operating 
conditions (network impedance variations, short-circuits 
of very short duration, switch-off and rapid switch-on). 
In this manner the dynamic stability of the generator 
was tested for very large mean values of the pole-wheel 
angle # exceeding 90 deg. The installation of Fig. 1 
also includes a transformer T, connected to the network, 
an auxiliary synchronous generator S keyed on to the 
shaft of the main generator and indicating the angle, an 
auxiliary asynchronous exciter A, giving the derivative 
of # on the slip-rings of its rotor, furthermore the 


* These tests were carried out in order to attain the ‘gesules 
expected from the theoretical investigation of this problem, see 
Brown Boveri Mitteilungen, Vol. 33, November 1946, pp. 335-347, 
and Eng. Dig. Vol. 8, September, 1947, pp. 289-293. 
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(From Brown Boveri Mitteilungen, November 1946, pp. 348-354, 16 illustrations.) 


induction regulators J,, 7, and J;, a rectifier R for the 
excitation as a function of the angle #, a filter F, an 
amplifier A, the auxiliary exciters E, and E,, the main 
exciter E,, a cathode-ray oscillograph for visual 
observation of the angle #, an auxiliary transformer T,, 
and the switches s, as well as regulating resistances not 
shown in the diagram. The excitation voltage is of the 
general form : uj, = Uny + Upy + Uno Where Up, is the 
constant basic-excitation voltage, u,, the additional ex- 
citation voltage depending on the angle 3, and u)» the 
additional excitation voltage depending on the deri- 
vative of # with respect to time (slip-controlled 
regulation). 

The excitation voltage u,. comes from the constant 
excitation current 7). The voltage u,, depending on # 
which can be represented by K,uj)(#—#,) (the 
significance of #, will be explained later) is obtained by 
combining the voltage u,, proportiona! to the voltage U 
of network Q, and the voltage e, which is of constant 
amplitude and with a phase angle }—#, relative to u,. 
The voltage e is supplied by the auxiliary synchronous 
generator situated on the generator shaft. The phase of 
the voltage e (which has a constant amplitude) can be 
regulated by the induction regulator J, in such a way 
that e, and u, will be opposing each other under station- 
ary conditions. For equal amplitudes of u, and e, the 
differential voltage will be 2u, . sin [(— #,)/2], which is 
approximately equal to u,(#—#,) for small values of 
3—d, ; as #, has an adjustable constant value (for these 
tests with # > 90 deg. the value of #, 
was set at approx. 90 deg.), the differen- 
tial voltage is therefore proportional 
to # This alternating voltage is 
rectified by the rectifier R and after 
being amplified by the auxiliary ex- 
: citer E, it supplies the second excitation 
| current 7, of the main exciter, which 
produces the terminal voltage u,,. 








Fig. 1. Sch t for a 

combined pone rin ll consisting of a con- 

stant excitation, an i 

on the pole-wheel angle 3 of the generator 

relative to the network, and an excitation 
depending on d}/dt. 
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The excitation voltage u,. is expressed as a 
derivative by uj. K,dé/dt and is obtained by purely 
electrical means. For this the stator of the small asyn- 
chronous machine which is also keyed on to the shaft of 
the main generator is fed with a voltage u, proportional to 
the voltage U of network Q, the circuit being so designed 
that the rotating field rotates in the same direction as 
the rotor. In the case of absolute synchronism there is 
no voltage from the slip-rings of this auxiliary machine, 
but any change in speed gives rise to a voltage which is 
proportional to d#/dt and which also depends on the 
setting of the induction regulator J,. This e.m.f. 
passes through the filter F (eliminating the higher order 
harmonics due to the slots) and is amplified by the 
valve amplifier A and the auxiliary exciter machine £,, 
and provides the third excitation current 7, of the main 
exciter E,, by supplying the brushes of the latter with 
the voltage uj». 

The influence of the individual terms of u, = ung 
-+- Uy, + Une iS visible in Fig. 2 which gives the charac- 
teristics of a generator connected to an infinitely rigid 
network. The power P is given as a function of the angle 
&. The constant excitation u,) gives the well-known 
characteristic a corresponding to stable conditions up 
to#=90 deg. The two excitations uj. + Ky Uy) (®—%,) 
give for # > #, the characteristic M, M, which still has 
a positive tangent for # > 90 deg. The influence of the 
third excitation cannot be shown on the diagram in the 
same manner, as its value does not solely depend on the 
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Fig. 2. Influence of the individual components of the com- 
bined excitation on the power/angle characteristic of the 
generator. 

P = power. #= pole wheel angle. MoM; = variation of the 
characteristic as a function of . M = stable working pvint. 
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to obtain photographic recordings of both the pole- 
wheel angle # and the power P. For this two wat:- 
metering oscillograph loops were used, the first giving 
the power at the point P of the line connecting with the 
network and the other being supplied with the voltages 
u, and e,. This then gives the power proportional to 
cos ? from which # can be calculated. The oscillograph 
recordings include time-markings (1/50th of a second), 
the power supplied the network, and a curve serving to 
calculate cos #. In Fig. 3 the lines Ot are the traces 
registered by the watt-metering system under equilib- 
rium conditions, a and c being the maximum upward 
and downward deflections. The power can be deter- 
mined from the recordings as follows : ac = reactance 
(in the scale of the oscillogram) ; cos p = (Oa— Oc) 
(Oa -+ Oc) ; while in the oscillogram for #, cos 
(Oa-Oc)/(Oa 4+- Oc). It should be noted that although 
these measurements cannot be very accurate they are of 
considerable interest as they give a good confirmation 
of the theory. 

Previous tests had shown that to achieve static 
stabilization of a generator when the pole-whee! angle } 
is greater than 90 deg. two excitations are sufficient, 
viz. the basic excitation and the excitation proportional 
to # For dynamic stabilization in the case of 2 momen- 
tary disturbance, the third excitation proportional to 
d#/dt is also necessary. 

This is illustrated by the oscillogram of Fig. 4 
obtained in a first test with the generator connected to 





Fig. 3. Schematic representation of oscillograph recordings. 


Ot trace of walt-metering system at rest. Oa = maximum de- 
flection upwards. Oc = maximum deflection downwards. 
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Fig. 4. Oscillogram showing the influence of the excitation proportional to d,}/dt at the time A, on the oscillation of the machine. 


angle 3 ; but tests have shown that with this excitation 
the power expressed in terms of # moves along curves 
which asymptotically approach the operating point M,. 
The pole-wheel angle # can be determined by means 
of the cathode-ray oscillograph O,. 
To determine the dynamic characteristics of the 
generator when aquilibrium is disturbed it was necessary 
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the network through the model power line L,. Up to 
a point A on the oscillogram only the first two excita- 
tions were used ; these were regulated very rapidly, 
creating an oscillation of increasing amplitude. This 
would have made the generator come out of step if the 
third excitation had not been switched on at point A, 
producing an extremely rapid damping of this oscil- 
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Fig. 5. Variation of power P and of the angle } as functions 
of time, calculated from the oscillogram of Fig. 4. 


lation. The corresponding calculated values of P and # 
are given on a time-basis with 1/5th of a second 
intervals in Fig. 5 and show the rapidity with which 
stabilization is attained for an angle of 102 degrees. 

In the next test the impedance of the line L, was 
changed by suddenly connecting L, and then suddenly 
reverting to the original impedance. The damping 
spiral from point M, (initial disturbance at 43 kW and 
108 deg.) to point M, (stabilized condition, 43 kW and 
93 deg.) in Fig. 6 gives the dynamic characteristics of 
the transition from M, to M, 

The variation in the reverse direction, corresponding 
to a rapid switch-off of L, is given in Fig. 7, the 
transition being in this case from point M, (43 kW, 
90 deg.) to M, (43 kW, 108 deg.). 

In a further test a disturbance was introduced with 
a three-phase short-circuit of about 1/10th of a second 
duration in the centre of the model line L,, while model 
line L, was switched off (see Fig. 8). The dynamic 
characteristic starts at point M, (36°5 kW, 100 deg.) and 
returns to this same point after describing an ellipse- 
shaped damping curve while compensating for the 
short-circuit. 





In the last test with the model line L, switched out, 
a single-phase short-circuit in the centre of model line 
L, was introduced between one phase and the zero 
point of the transformer 7, followed by a switch-off of 
the short-circuited phase and a rapid switch-on again, 
after eliminating the short-cifcuit (see Fig. 9). The 
dynamic characteristic shows that after switching on 
again, the machine reached a power of 36 kW with an 
angle # of 105 deg. 

These tests show that a synchronous generator 
provided with a combined excitation (basic excitation, 
and excitations depending on # and d3/dt) can be kept 
absolutely stable even when the pole-wheel angle # is 
greater than 90 deg. Particularly the excitation due to 
dé/dt creates a strong damping of the oscillations of the 
machine and can be used not only to improve the 
dynamic stability of generators with large pole-wheel 
angles in the case of a.c. power transmission over long 
distances, but also to increase stability in general of all 
such machines with smaller ?-values, without requiring 
considerable additional equipment. 
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M, = working point before to and after the end of the disturbance, 
after switching on again. 
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CZECHOSLOVAKIA 


A New Hardness Tester of the Poldi Steel Works 


By V. JARES. (From Strojnicky Obzor, Vol. 27, No. 10, 1947, pp. 213-214, 1 illustration.) 


By general agreement, the Vickers Hardness Testing 
Method is the most accurate and perfect, whilst the 
Vickers Hardness Testing Instrument is the best for 
use. Even so it is immobile and shares with all other 
types of hardness tester the disadvantage that it can be 
used for testing specimens confined to dimensional 
limitations. The new hardness tester developed by the 
Poldi Steel Works is based on the Vickers principle, 
and is characterized by its simplicity without sacrificing 
any of the accuracy obtained by the Vickers instrument. 
Transportable and small, its weight is only about 
14 lbs., and the load is applied through a helical spring 
which is very accurately calibrated and pre-loaded by 
a hand lever. 

Although the measurement of forces by means of a 
spring was, for a long time, considered inaccurate, 
recent investigations by Professor Sayre, in America, 
have shown that by a suitable choice of dimensions, 
good production and finish, and correct heat treatment 
of the steel, the error due to hysteresis can be reduced 
to 0°02 per cent. Thus the total error of indication by 
a spring need only be about 0°2 per cent, and no hard- 
ness tester has a greater accuracy than this. It is well- 
known that the magnitude of the load has no influence 
on the results unless it is very small and the minute 
contour at the apex of the pyramid shows up its effect. 
However, the load must sometimes be adjusted to 
suit practical requirements although the most usual 
joad of 30 kg. is appropriate for all steels and non- 
ferrous metals if they are sufficiently homogeneous. A 
higher loading is necessary on coarse-grained metals, 
such as cast iron, because a larger area must be measured’ 
if the reading is to represent the true average hardness. 
For thin superficial layers of differing hardness, such 
as cemented, nitrided, surface hardened or decarbonized 
layers, the most suitable load is 10 kg. which at a hard- 


ness of 700, produces an imprint only 0:024 mm. dee», 
A load of 5 kg. does not give faultless imprints. At 
the last Prague fair, where the Poldi tester made its 
first appearance, there were also shown other testers 
working with much smaller loads, but these are suitable 
only for testing either very small pieces, or even sing!e 
crystals. In the last named category are the micro- 
hardness testers of the Johansson type, working with 
loads from 10 gr. up to 1 kg., or of the Hanemann 
type, with loads varying between only 0:2 and 100 gr. 
The results obtainable with these instruments, differ 
considerably from those obtained at normal loadings, 
and the more so as the load is smaller. However, 
they are suitable and useful for special purposes where 
normal hardness testers cannot be used. The British 
Standards for hardness testing, BSS 427, establish as 
normal loads for Vickers tests 5, 10, 20, 30, 50, 100 and 
120 kg., but this large range of loads is superfluous, 
and the Czech standard CSN 1038-1942 provides only 
10, 30 and 60 kg., which suffices for all tests necessary 
in current practice. The new Poldi tester is usually 
adjusted for loads of 10 and 30 kg. and measurement 
of the imprint is carried out similarly as with the original 
Vickers arrangement, namely by a microscope with 
micrometrically adjustable sliding stops, whereby the 
imprint is highly illuminated at a short focal length. 
This is the most accurate method, permitting readings 
with a precision of 0°001 mm. to be taken. When an 
imprint has been made the microscope is moved into 
position by a simple movement so that there is no neces- 
sity for other adjustment to view the imprint and 
confusion between imprints cannot arise. Small Speci- 
mens are tested on a spherical support which is removed 
for testing larger parts, and the instrument is positioned 
directly onto the object tested. This advantage is 
invaluable for precision testing of large areas. 


New Type of Electrical Drive for the Winders 


of a Cold-rolling Plant 


By D. P. Morozov. (From Vestnik Electro-Promishlennosti, No. 12, 1946, pp. 17-18, 5 illustrations.) 


THE maintenance of correct tension on either side of 
the cold rolling mill (whether tandem or reversible) is 
of the utmost importance, and the ability of the govern- 
ing system to maintain it determines the permissible 
rates of acceleration and deceleration of the whole 
installation. 

The various forms of regulation in use are theoreti- 
cally and practically imperfect and are liable to over- 
balancing at starting. It is therefore usual to start vp 
with regulating systems disconnected. 

The author inas proposed a new type of electric 
drive for both the winding and unwinding drums of cold- 
rolling plants to ensure, automatically, correct tension 
during acceleration and deceleration. This does not 
preclude the use of existing governing schemes, necess- 
ary to compensate for the variations of effective drum 
diameter as winding proceeds, but supplements and 
renders them more satisfactory in use. 

The following description refers to the winding 
and follower drums of a reversible mill. The drive for 
a tandem mill is identical with the winding side of a 
reversible mill. 


THE WINDING DRIVE. 


The shunt motor of the winding drum usually re- 
ceives current from the same generator as the mill. In 
the new scheme (Fig. 1), however, it is connected to a 
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separate generator and the latter has three field coils :— 
(a) A separate-excitation coil (4) ; 

(b) A shunt coil wound in the same direction (5) ; 
(c) An opposing series coil (6). 

— saad Seer . 3 


Cae 











Lx 
Fig. 1. Diagrammatic arrang t of the winding drive 
1. Winding drum; 2. Winding motor; 3. Winding side 


generator; 4. Separate-excitation coil; 5. Shunt self-exciter 
coil; 6. Series coil (opposed field) K = tensioning switch. 
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(A similar system is usual in excavators, heavy 
rclling mill auxiliaries, etc.). 

This special generator is mounted on the same 
shaft as the main generator supplying the rolls. 

The characteristic curve of a shunt motor driven 
by a generator of this type can be varied according to 
the strength of the different coils in the manner shown 
in Fig. 2. The coils are adjusted to give a long and 
almost vertical section, and the current of the motor 
when stationary, i.e. short circuit current, is chosen 
to produce exactly the torque required at the drum. 

Consider the plant in its starting position with the 
end of the strip secured to the drum. The rolls are 
adjusted to give the required strip thickness. Switch 
K (Fig. 1) is now closed, and the winding motor takes 
up the slack on the strip and settles down to pull with 
the correct tension. Thereafter the whole process— 
starting, steady running and slowing down—takes 
place without further alteration to the electrical circuit 
of the winder motor and generator. The rolling mill 
circuit and method of regulation can be of any normal 
recognized type such as the Leonard system. When 
the main generator is switched on, and as it gathers 
speed, the winding motor speeds up accordingly, 
always maintaining the same torque. 

Since the running up period is fairly long, the 
torque required to overcome the inertia effect of the 
winding motor and drum is relatively small, so that the 
net torque remains steady and very close to the de- 
signed zero-speed value even without the use of a 
governing device. Similarly the torque will be kept 
at its correct value, and the speed will adjust itself to 
suit, during deceleration or steady running. 

However, as winding proceeds, the effective diameter 
of the winding drum changes whilst the winding motor 
current and torque remain constant. This leads to a 
diminution of tension in proportion to the increase of 
drum diameter and, to correct this, a regulator or 
governor will still be required unless the resulting 
difference of tension falls within the technologically 
permissible limits. 


THE FOLLOWER DRUM BRAKING DYNAMO. 


The follower drum must exercise a braking etfect 
and is, therefore, coupled to a brake dynamo. As in 
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Follower drum ; 

Brake dynamo ; 

Main generator bus-bars ; 
Auxiliary booster-generator 


External characteristic of the 
booster. 
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Fig. 3. Diagram of follower drum brake dynamo. 
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existing practice, this is connected to a booster-generator 
which feeds back to the main generator bus-bars. In 
the new system, however, the booster has three field 
coils exactly as described above (see Fig. 3) and these 
are adjusted to give an external characteristic curve as 
shown at the top right-hand corner of the wiring 
diagram. 

The booster works on the near-vertical part of the 
curve. When the rolls are stationary only the e.m.f. 
of the booster acts upon the follower drum dynamo and 
it is adjusted to give the correct torque. As the rolls 
are started the e.m.f. of the brake dynamo will rise 
but that of the booster will fall because of its falling 
external characteristic. Thus the current and the 
torque of the brake dynamo remain constant. 


REVERSING. 


The generator feeding the winding motor, and the 
booster which handles the brake dynamo current, are 
identical machines and so are the winding motor and 
the brake dynamo. Thus, when the mill is reversed 
their functions are interchanged by a suitable change in 
electrical connexions. The complete scheme is shown 
in Fig. 4. 
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Fig. 4. Diagram of ee for a reversible cold rolling 
plant. 


1. Rolls; 2. Winding drum; 3. Winding motor; 4. 
Follower drum; 5. Brake dynamo; 6. Main drive motor; 
7. Main drive gererator; 8. Booster for brake dynamo; 9. 
Winding side generator; 10. Converter motor. 


USE OR ABOLITION OF REGULATING 
DEVICES. 


It is probably advisable to retain the usual regu- 
lating devices especially as they have now become 
simple and reliable because their function is reduced 
to that of compensating for variations of effective drum 
diameter. 

However, it is also possible to abolish them alto- 
gether by two methods :— 

(a) Increasing the size of drums, so that the wind- 
ing-on of strip creates less noticeable changes 
to their effective diameter ; 

(b) Giving the winding side generator and the 
follower drum dynamo a slightly inclined 
characteristic curve after a settled speed has 
been reached, in such a way as to make them 
exert more torque at the lower speeds so that 
the tension may be approximately constant. 
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FRANCE 


On the Deformation of Metals and Alloys 


By J. TERNISIEN. 


THE actual process of deforming a metal or alloy can 
only be understood if the behaviour of the minute metal 
constituents and the interplay of micro-crystals, crystal- 
lites and semi-amorphous layers can be studied. X-ray 
methods, which are being continually improved, assist 
in the analysis of crystalline structures and orienta- 
tions and the investigation of different steps in the 
deformation of mono-crystals or annealed polycrystal- 
line aggregates with random crystal orientation. X-ray 
spectra can be taken during the following stages of 
cold deformation : 

(1) lattice distortion ; 

(2) grain orientation ; 

(3) crystal structure changes. 


DEFORMATION OF MONO-CRYSTALS. 
A. Lattice DISTORTION. 

With the assistance of X-ray photographs, it has 
been shown that (a) unit cell dimensions are, on the 
average, changed by less than 0°1 per cent ; (b) diffrac- 
tion spots on the photographs are elongated by the dis- 
rupture of crystals or micro-crystals into crystallites or 
“blocs ” and the spots are broadened by lattice dis- 
tortion. 

(1) Disrupture of crystals and microcrystals. 

During the cold working of a single crystal or a 
polycrystalline, random orientated aggregate, the 
Debye-Scherer X-ray diffraction pattern immediately 
shows a decrease of grain width down to 10° or 10-¢ 
cm. Discontinuous dotted lines appear if grain sizes 
are larger than 10-* cm. but continuous sharp lines 





Fig. 1. X-ray photogram of powder specimen without 
texture. 


appear if grain sizes are between 10°° and 10°*cm. An 
elongation, perpendicular to the polar radii, of the 
diffraction spots can be measured next and must be 
attributed to a change in crystal orientation without 
lattice modification since Bragg’s diffraction angle still 
remains unaltered : 

n.dA= 2dsin @ cr 0 (1) 
Apart from the normal crystal structure, the deformed 
metal then shows certain “ domains” within the 
crystal, which can be explained by a slight rotation, of 
less than 20 deg., from the normal structure. Polanyi 
assumed that the entire crystal undergoes a bending 
deformation whilst Burgers postulated that the crystal 
decomposes into blocs which may rotate slightly with- 
out being intensely deformed. Coherence between 
blocs is maintained either by amorphous metal or by 
intensely deformed zones. 
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(From La Meétallurgie, Vol. 79, No. 4, April, 1947, pp. 7-10, 9 illustrations.) 


(2) The lattice distortion. 

Wood! found that lattice distortion is caused 5y 
slight changes in lattice parameters under the influerce 
of elastic stresses. This can be observed even ‘or 
slight amounts of cold work, and increases towards a 
limiting value of about 0°4 per cent for certain metals 
and alloys. No such change, however, has been ob- 
served in Al, Pt, Mo, Zn, Bi, Pb. The broadeniag 
of Debye-Scherer spots can be attributed either to 
this distortion or to crystal fragmentation. Taylor, 
Yamaguchi, and Burgers believe that translation due 
to local slip can only be reconciled with directional 
structure changes if these changes are also of local 
character. Vochendorfer has shown that pure shear 
parallel to the slip direction of a mono-crystal does not 
produce X-ray asterism but that inhomogeneous crystal 
deformation does. 

B. PREFERRED GRAIN ORIENTATION. 
(1) Asterism. 

After lattice distortion has reached its limit, i.c., 
after very extensive cold work, the crystals break asunder 
and the crystallites assume a certain preferred orienta- 
tion. For a random orientation of these crystallites 
(powder form or annealed metal), the Debye-Scherer 
diffraction pattern taken with monochromatic X-rays 
shows concentric rings, Fig. 1, whilst a preferred 
orientation with respect to certain crystal axes appears 
in the form of circular segments on the exposed plates, 
the segments being of varying lengths and intensities, 
dispersed irregularly on the plate and sometimes dis- 
appearing according to the azimuthal angle under 





Fig. 2 and 3. X-ray photograms of specimen with texture. 


which the photogram has been taken. Figs. 2 and 3 
show X-ray patterns of a specimen with distinct pre- 
ferred orientation. Crystals are thus composed of 
neighbouring small ‘‘ mosaic biccs” or crystallites, 
which have an extension of the order of 10°? cm. and 
cannot be broken up even by extreme cold deformation. 
In fact, even the undistorted crystal can be said to con- 
sist of crystallites with nearly uniform orientation and 
its seemingly perfect crystalline structure denotes only 
an average uniform orientation of all its crystallites. 
(2) The schematic representation of grain orientation. 
If we assume that the micro-crystals possess a 
simple cubic lattice structure and that atoms at the 
cube corners define the lattice planes, then Figs. 4 
and 5 show schematically the cubic lattice planes 
K, and the octahedral (O) and rhombododecahedral 
(r) planes. X-rays can be diffracted from each of 
these planes and if the disposition of one of them or 
of the normal on one of them is known, then the 
orientation of the entire micro-crystal can be deter- 
mined. The micro-crystal is arranged at the centre 
of a “ polar ” sphere of very large radius compared with 
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Figs. 4, 5. Structure determination of a micro-crystal. 
the crystal dimensions, and the normals on the lattice 
planes K, O, or r, pierce the sphere surface at the 
* poles ” of the corresponding lattice planes (Fig. 6). 
The poles of the same K, O, or r plane system of other 
microcrystals are similarly plotted and the sphere will 
thus be covered with poles. If the micro-crystals 
show a preferred orientation, then the density of pole 
points on the sphere will be different from region to 
region. For easier representation, the polar sphere 
with its system of pole points is projected by the stereo- 
graphic method, on to a plane and this forms the “ pole 
figure ” of the chosen lattice plane system (say the K- 
plane system). 
(3) Radiographic determination of grain orientation. 

Let V be a system of parallel planes in a crystallite 
and its position be such that the primary X-ray beam is 
reflected from V planes according to Bragg’s law 
Egn. (1). Then, the normal n on planes V forms 
angle (90 deg. — 0) with the incident X-ray beam S, 
and reflexion will occur only if, for the various possible 
positions of V, the normals n generate a cone with its 
apex at O (i.e., the point of incidence) and apex angle 
2990 — 6). This cone intersects the polar sphere 
around O on the reflexion circle R (Fig. 7). If certain 
V planes therefore reflect the incident beam S (to a 
given order), their poles lie on R, e.g., N,, No, N3. 
The reflected beam traces out 3 corresponding points 
P,, P., P,, on the photographic plate F behind the 
crystal. These points are images of the poles N, and 
therefore also of the position of the planes V,, V., V3. 
The angles %,, &%, &2 formed by projections of the 
normals n on to a plane perpendicular to S, are repeated 
on the film. 

A cold worked metal specimen is now placed at 
O and only one system V of lattice planes is considered, 
e.g., the K planes. If the specimen shows no texture, 
then the polar sphere will be uniformly covered with 
K plane poles and the Debye-Scherer photogram will 
show concentric circles (Fig. 1) with radii determined 
by the X-ray wavelength, the distance between parallel 
lattice planes V, and the distance between the speci- 
men and film. If a texture is present, certain regions 
only of the polar sphere contain poles, and the Debye- 
Scherer circles are not uniformly intense but show a 
greater intensity on those segments which are images 
of dense pole regions crossed by reflexion circle R on 
the polar sphere. The angles « of the intense seg- 
ments (Figs. 2 and 3) can be measured and the dense 
pole regions of circle R determined. This is repeated 
for different angular positions of the specimen and the 
pole figure, i.e., the projection of the polar sphere on 
a diametral plane parallel to F, can be plotted directly. 
Each reflexion circle R corresponding to the measured 
Debye-Scherer ring for each exposure is projected 
onto the common diametral plane and the intense 
s¢gments are marked out on the projected circles. Fig. 
§ shows a pole figure of the cubic K plane system with 
reflexion circles indicated for different angular positions 
of the specimen. The 10 deg. reflexion circle passes 
through the densest pole region (shaded). 
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Fig.{6. Polar sphere placed around mono-crystal. 








Fig. 7. Polar sphere. 


(4) Determination of fibre axis. 

A crystal “ texture,” or orientation, exists if one 
certain crystallographic axis in each crystal is approxi- 
mately parallel to a given direction in the metal, i.e., 
the fibre axis. The position of this fibre axis relative 
to the crystallographic axes has to be determined. A 
mono-crystal is rotated about a zone axis [UVW], 
containing the atomic identity distance dyyw, and is 
irradiated by a narrow monochromatic X-ray beam 
directed perpendicularly onto the axis of rotation. The 
X-ray diffraction pattern is registered on a film fastened 
to a cylinder concentric with the axis of rotation of the 
crystal. The developed film then shows exposed spots 
on parallel “layer” lines, with an “‘ equatorial” layer 
line of index 0 in the plane of the incident beam. X- 
rays are diffracted by the atoms distributed at identity 
distances dyyw on one of the zones [UVW], and they 
form a spot on the layer line, index n, of the film if 
duvw Singn = nA, where tangn = hn/r. A is the 
known wavelength of the monochromatic X-ray beam, 
hn is the vertical distance, measured on the film, be- 
tween the layer lines of index n and index 0, n is the 
index, i.e., the order of the measured layer line num- 
bered from the line 0, and r is the radius of the cylindri- 
cal film. dyyw can thus be calculated and, in simple 
cases, the corresponding zone axis of the specimen 
crystal can be determined if its space lattice structure 
is known. If the specimen crystal belongs to the cubic 
lattice system : 


duvw = a 4/ U? + V? + W? 
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and in the general case : 
duvw = Vac? U2 + by? V2-+- cy? W? +-2a9 by UV cos y+ 
+ 2 by Cy VW cos % +2 cy ay WU cos B 


where a», by, Cy are the lattice parameters and «, 8, 
y the angles between every two of them. 

Well defined spots on the X-ray photogram indicate 
a perfect fibre structure. An incomplete fibre structure 
is shown by intensified spots on diffraction circles and 
the layer lines are drawn through these intensified 
spots. Results must be checked by calculations from 
diffraction spots on different layer lines. 

Two different fibre textures are found in practice : 

(a) All the expected spots appear on the film if 
the mono-crystal is rotated one full turn. All the 
crystallites then possess a zone axis [UVW] parallel to 
a given direction, i.e., the fibre axis, and their other 
axes are arranged around this axis. 

(b) Some expected spots do not appear and the 
photogram for one full revolution of the specimen 
resembles one for only limited oscillation of the speci- 
men. All the crystallites will still have their zone 
axes [UVW] parallel to the given fibre axis direction. 
Moreover, all the planes of a certain plane group { hkl \ 


belonging to one of the “ fibre ’’ zones, are contained 
within the dihedral angle « of the specimen rotation 
for the exposed part of the photogram. As in numerous 
practical cases, e.g., in rolling structures, the angle « is 
small, one may also say that the texture shows a zone 
axis parallel to a given fibre axis direction, whilst a 
certain crystallographic plane remains for all elementary 
crystallites, approximately parallel to a given fixed 
plane. 

As an example, a hard drawn copper wire is irradi- 
ated, perpendicularly to its wire axis, by a monochro- 
matic filtered X-ray beam of wavelength A = 1:5374 
Angstrém (Ka, of copper). The diameter of the 
film when fastened to a concentric camera, is 2r = 76°5 
mm. Copper has a face-centred cubic lattice struc- 


ture, with a parameter a, = 3°61 A. The vertical 
distance, on the film, between intensified spots of layer 
lines of index n = 1 and index 0 is measured to be 
h, = 97mm. Then 


tan 9, =h,/r=0°25412, dyyw=n A/sin 9, =—6'242 A 
and 
duyw /ag= VU? +-V24 W?=1:7292/3= VP?2+ PEL 
Therefore, the cube direction parallel to the fibre axis 
can only be [111], i.e., the cube diagonal. 


C. CHANGE OF INTERNAL STRUCTURE. 
(1) Increase of internal energy. 

With larger deformations, the X-rays begin to show 
a different diffraction pattern and the relative intensities 
of different orders of the diffraction spectrum change. 
The lattice parameters, or atomic structure of the 
crystal may or may not change with these increased 
deformations. The internal energy of the crystal is 
raised above the minimum level of the ideal crystal 
state. In the transition zone between neighbouring 
crystallites of slightly differing orientation, certain 
atoms, under the influence of opposing forces exerted 
by neighbouring blocs, cannot occupy positions within 
a crystal structure. They are therefore not in equili- 
brium, possess higher potential and kinetic energy, and 
form thin semi-amorphous layers which develop as a 
consequence of thermal or mechanical treatment of 
the metal and produce those structural modifications 
which effect changes in mechanical properties. 

(2) Strain-hardening. 

Cold work produces internal stresses resulting in 
strain-hardening, i.e., an increase in metal hardness 
and elastic limit. The elastic modulus also increases 
as the crystal breaks into blocs of different orientation 
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Fig. 8. Projection of a polar sphere on a diametral plane. 


and as the semi-amorphous layers become more im- 
portant?. Any stress dislocation in these micro-crystal 
aggregates is arrested at the boundary of the domain 
where it started and cannot pass into neighbouring 
domains unless their orientation is favourable. With 
increasing dislocation intensity, the resistance to de- 
formation also develops as if the crystalline cohesion 
forces were larger in the strained than in the unstrained 
material. The metallic particles are pressed against 
each other, the semi-amorphous zones show greater 
density than the crystallites even though their atoms 
possess increased energy. The unstable character of 
these internal stresses and of the compression of semi- 
amorphous layers, is shown by the fact that in certain 
regions of the crystalline aggregate the accumulation 
of atoms tends to disappear owing to repulsive forces 
between them. 


DEFORMATION OF CRYSTALLINE 
AGGREGATES. 

Poly-crystalline substances follow the same deforma- 
tion laws as micro-crystal aggregates and mono-crystals. 
Slip occurs along certain slip planes and in certain 
slip directions. At the same time, a rotation of lattice 
planes tends to bring one or several crystallographic 
directions into the general direction of deformation. 
A more or less perfect fibre structure is formed, with 
preferred crystal orientations which can be studied 
with the help of the X-ray methods described. 


CONCLUSIONS. 

For the study of metal deformations and crystal 
orientations, X-ray methods are superior to the classical 
metallographic methods. X-ray methods permit a 
complete investigation of the phenomena of metal 
deformations. The main difficulty lies in the inter- 
pretation of the Debye-Scherer diagrams. However, 
the conditions for appearance and change of form of the 
characteristic X-ray asterisms are now understood well 
enough and the rapid and safe conclusions that can be 
drawn from their appearance warrant the applicatica 
of this method for industrial control. 
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Water treatment is an integral part of the 

boiler feed system. Therefore, when you are 

designing or modernising your boiler 

house, consult us to ensure that you get the 

right design of plant for your particular 

system. 

Permutit have developed a process of 

BOILER FEED WATER TREATMENT 

which embodies the following important 

advantages :— 

@ Hardness of any water supply reduced to 0.7 
parts per 100,000 or less. 

© Complete softening effected in ONE hour. 

@ De-aeration can be an integral part of the softening 
process. 


@ Soft water for boiler feed at 2 temperature of 
212°F. 
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The unique popularity 
of “DRUM” Pumps is 
attributable to the large 
number of advantages 
they afford in compari- 
son with alternative 
pumping methods. 


“DRUM” Pumps will take any liquid, thick or 
thin. They can be «un at high or low speeds. 
Their action is positive and affords a continuous 
flow, and their simple yet rugged construction 
makes the risk of breakdown negligible. In 
addition, “DRUM” Pumps are reversible in 
action, can be steam jacketed, and suit any 
form of drive. 


ALL ENQUIRIES TO: 


The Drum Engineering Co. Ltd. 


HUMBOLDT STREET, BRADFORD. 
LONDON OFFICE: 38. VICTORIA STREET, WESTMINSTER, S.W,1 
TELEPHONE: ABBEY 3961 
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DUNFORD & ELLIOTT (Sheffield) LTD. 
ATTERCLIFFE WHARF WORKS, SHEFFIELD 9 
ALSO AT LONDON AND BERMINGHAM 


bper Smrooth 


Greater symmetry of hole and bar; 
maximum smoothness and consistent 
quality of stee! throughout are the 
main features of Dunelt Hollow Steel 


Bars. Sizes: 3 in. to 3 in. dia. (holes 
i in. to 4 in. dia.). Lengths up to 
40 ft. Shapes: Round and Square. In 


Carbon and Alloy Steels, also heat or 
rust resisting steels. 


Other Dunelt specialities include Alloy 
Steels in black or bright finish, heat 
treated or untreated; and selected 
steels to all standard requirements. 


Dunelt 


Stollow 
STEEL BARS 
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CLASSIFIED ABSTRACTS 


Nwnerous important abstracts which, for lack of space, cannot be published in our main editorial columns, are regularly 


included in condensed form in this section. 


BRAZING 


Design Possibilities in the Silver Brazing of Cast 
Iron. 


By H. Frick. (From Product Engineering, U.S.A., 
Vol. 18, No. 10, October, 1947, pp. 128-132, 13 illus- 
trations.) 


SILVER brazing is a reliable and economical method of 
joining most metals to gray cast iron. Thus, a cheap 
and simple casting can be used and the right material 
applied at the right spot according to requirements. 

To obtain a strong silver brazed joint, it is necessary 
to remove all dirt, grease and oxide from the surface, 
as well as graphitic inclusions, combined carbon and 
sand. This is carried out by suspending the parts in 
an open container of catalised molten salts, through 
which an electric current is passed. Surface impurities 
are removed by the formation of oxidation and reduction 
members as the direction of current flow is reversed. 
The surfaces are then fluxed and silver brazed in the 
usual manner. 

The main advantages of this method are : 

1. Dissimilar metals can be brazed to cast iron 
where desired. 

2. Intricate forms can be built up from simple 
castings silver brazed to each other or to other metals. 

3. Simple castings can be machined easily before 
final assembly, then silver brazed together in fixtures 
so as to hold desired overall dimensions. The risk of 
heat distortion is eliminated. 

4. Foundry work can be simplified by making 
an intricate casting in several parts to reduce coring. 

5. Machining in blind holes and narrow passages 
can be avoided by making the casting in two parts so 
that machining will be done on an open face. 

These points are illustrated by a number of examples. 
The design of the joint is then dealt with in detail and 
the costs of this process are discussed. 


IRON AND STEEL 


The De-oxidization of Steel by Fusion under 
Vacuum. 


By J. THomas and L. Moreau. (From Revue de 
Métallurgie, France, Vol. 43, No. 7/8, July/August, 
1946, pp. 204-207, 4 illustrations.) 


STEEL can be de-oxidized by addition of Si or Mn to 
the melt, but this is a slow and incomplete process. 
It can also be de-oxidized by carbon which combines 
to CO, escapes as a gas and carries with it not only 
oxygen but also some of the hydrogen and nitrogen 
held in solution in the melt. This reaction is sluggish 
at atmospheric pressures, but theoretically, should give 
very good results at low pressures since the saturation 
content of FeO in iron is proportional to the absolute 
pressure and is zero in an ideal vacuum. Vacuum 
tests on an industrial scale are very expensive and 
laboratory tests were therefore undertaken in order to 
check conditions and reactions under reduced pressures. 
+ lb. steel samples (0-02 to 0-04 per cent O,, 0-17 to 
0:23 per cent C) were put into magnesite lined cruci- 
bles, melted in a small induction furnace, heated to 
1,500 deg. C. and then held under low pressures 
(atmospheric, 10-24, 2-36, and 0-0004 inches mercury) 
fo: short durations (2, 5, 10, 30 minutes). Results 
showed that the extent of the reaction was negligible 
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at atmospheric pres... but that after only 2 minutes 
at 10-24 inches mercury, the carbon content had dropped 
from 0-17 to 0-11 per cent, and the oxygen content 
from 0-04 to 0-014 per cent. After 10 minutes at the 
same pressure, the oxygen content had dropped to 
0-003 per cent and results at lower pressures were 
even better. 

The decrease of carbon content was partly due to 
the interaction of the carbon with the magnesite cruci- 
ble lining, and the reduced magnesium reacted in turn 
with the oxygen in the melt. This secondary effect, 
though fairly large in a laboratory test, would be small 
under industrial conditions where the mass of the melt 
would be relatively larger compared with its surface 
in contact with the crucible walls. The ferro-static 
pressure counteracts the effect of the vacuum and 
shallow vessels should be used or the melt should be 
stirred slowly to expose the entire metal mass to the 
vacuum. 


PULVERIZED FUEL 


The Determination of Losses due to Incomplete 
Combustion in Furnaces from Curves of Ash 
Content of the burned Coal. 


By R. DotezaL. (From Strojnicky Obzor, Czechoslova- 
kia, Vol. 27, No. 7, 1947, pp. 165-169, 3 illustrations.) 


IN dust-firing furnaces poor coal having an ash content 
up to 60 per cent may be used, because the loss due to 
incomplete combustion of the gaseous components of 
the fuel is practically negligible, and there is only the 
incombustible part of the fuel, i.e. ashes and slags, 
to represent a loss. Incomplete combustion may be 
due either to too fine an incrustation of coal grains 
with ashes which form a coating impervious to air, i.e., 
large grains with high ash content, or to the fusing of 
ingrained ash and its dispersion over the coal grains 
so that the air supply necessary for fuel burning is cut 
off. Thus the combustible part of the fuel may be 
contained in the coating which forms a bubble, known 
as cenosphere, around the solid fuel core. When fuel 
grains are too large, and fire-boxes are not properly 
designed, the grains may be carried into the ash pit 
without being completely burned. Incomplete drying 
of the fuel dust, or unsuitable stoking and feeding 
devices may also cause losses. Also, the falling load 
of the furnace deteriorates the conditions for combustion 
in the fire-box, and this adds to the losses. Thus, 
apart from the correct design of the furnace, the magni- 
tude of losses depends on (1) the average ash content 
of the fuel ; (2) the grain size, and (3) the loading of 
the furnace. They may be expressed as a compound 
function of three simple functions each allowing for 
one of the factors listed. Integration over the ash 
content curve makes it possible to determine the average 
ash content of any specimen of coal. When the ash 
content curve of the mixture is known, the ash content 
of grains of any size ground of ungraded coal can be 
found. Although down to a certain grain size both 
ashes and coal will still be united in individual grains, 
clean separation is possible when they are disintegrated. 
E.g., by grinding coal of an average ash content of 20 
per cent, of which there is 17 per cent in the original 
fuel, the percentage may be brought up to 48 per cent. 
Such separation makes dust-firing more economical 
than grate-firing. The percentage of fuel ingrained in 
rock, referred to the total weight of a coal specimen is: 
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Are you moving your Workshop, 
Factory or Foundry ? 


Do you plan redevelopment of 
your internal Layout ? 


EFFICIENCY 
ENGINEERS 


(COVENTRY) 
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LIMITED 


PIPE FITTERS, STEAM, GAS and 
WATER INSTALLATION ENGINEERS 


Offer a 


Unique and Comprehensive 
Industrial Removal Service. 


Any type of plant and machinery 
dismantled, moved and re-erected 
by experts. Distance no object. 
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Emergency Conversions of Existing 
Plant to Oil Burning Installations 
a Speciality. 


Large Stocks of line shafting and 
tubing available. 


MACHINERY OVERHAULED 
and RENOVATED. 


“FORTIS” WORKS, 
NORFOLK STREET, 
COVENTRY. 

Ring Coventry 60879. 
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\LFORD 


for 


Firms and screen 


padiography 





$ 


This Booklet .. . 


has been prepared to 


provide the 


industrial radiographer with the 
technical information necessary 


to enable him to 


select the 


best films and screens for any 


given X-ray exami 


nation and 


to use the combination chosen 
to the best advantage. 


@ Send for a copy of this useful booklet containing a 
specimen of Ilford Lead Screens—free on request. 





ILFORD X-ray 


Films and Screens 


for Industrial Radiography 





ILFORD LIMITED - ILFORD 


BIRMINGHAM : 
4 Livery Street. 


GLASGOW, C.2: 
3 Cadogan Street. 


PROVINCIAL DEPOTS: 


- LONDON 


LEEDS: NEWCASTLE-on-T NE: 


16 Park Place. 
MANCHESTER: 


14 Saville Row. 
DUBLIN: 


22 Lloyd Street, 56 Middle Abbey Street 


Albert Square. 


LONDON GEPOT: 10! High Holborn, W.C.1. 
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Pulverized Fuel—continued. 





a 
hrea= (100 —w—<€spx) ——percent.. (1) 
100 


and the corresponding heat loss is 
100 — w — aspx 100 — aVy kg cal 
)z = 81 a 2e(@) 
100 100 kg 


This makes the percentage loss by incomplete com- 
bustion 





a 
81 (100 =O Aspx) eaten! (100 —- Vy) 
100 


Z= 
100 —w—a 
——_———— [Hou — 54 Vy] — 6 w 
100 : 
By introducing a factor % (N) to allow for the furnace 
loading and neglecting the term for moisture content 
in the denominator 





per cent (3) 








a 
Z=K $(N) (100 — w — aspx) —_ per cent (4) 
—w—a 
Ultimately the formula for loss becomes : 
Z = K ¢(a) ¢(M) ¥(N) = 
a 
= K ——_———— (100 — w — dgpx)  (N) percent (5) 
100—_w—a 
where 
vo = percentage loss by incomplete combustion ; 
a = percent average ash content of the specimen 
aspx = per cent ash content of the mineral corre- 
sponding to a quantity of rock equal to the 
average ash content of the specimen ; 
w = per cent moisture content of substance 
(dried) ; 
Hou = kg cal/kg, the calorific value of pure coal ; 
Hy = per cent hydrogen content, or content of 


volatile matter, in pure coal ; 
a = percentage of volatile substances escaping 
from ingrained coal. 


The term ¢ (a) allows for average ash content, « (M) 
for the influence of grain size, and ¢% (N) for the furnace 
loading. The term A = K (100 -— w — dgpy) ¢ (N) 
can be determined by analytical evaluation of a com- 
bustion test, and its substitution into eqn. (5) then 
makes it possible to estimate the probable loss by in- 
complete combustion of any coal of the same origin 
when its ash content curves have been determined. 
This method of determination only necessitates flota- 
tion tests in liquids of different specific gravity. 


THERMODYNAMICS 
» Solar Heat Accumulator System Sutter- 





By A. OstTerTaG. (From Schweizerische Bauzeitung, 
Switzerland, Vol. 65, No. 31, August 2, 1947, pp. 
426-427, 3 illustrations.) 


A PROVISIONAL experimental plant for the storage of 
solar heat has been erected in Switzerland. 26-1 4 
inch pipes of 85 ft. length are arranged at 4 inch centre 
distance, giving a heating surface of 805 sq. ft., below 
a double glass roof for protection from wind and are 
insulated to prevent heat losses. A storage tank of 
33 cu. yards capacity is placed in a pit filled with dry 
earth and protected by a large roof against losses due 
to rain water and conduction through moist earth. 
During sunny periods, water is pumped from the tank 
into the heating pipe system, heated and fed back into 
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the tank. The heat gained is used to supplement heat 
requirements of a central heating system. During 
sunless periods, the pump is stopped and the heating 
pipes drain automatically. The central heating system 
can then be served from the storage tank only. 

The plant was used during the wet summer of 1946 
and results showed that the water can be heated to 
boiling point. The theoretical maximum heating power 
was calculated as 2,200 B.Th.U. per sq. ft. per day, 
but the highest figure actually reached was 800 B.Ch.U. 
per sq. ft. per day (July); the monthly averages were 
250 (March, August) and 420 (July). The highest 
water temperature of 148 deg. F. was reached in August. 
Average heat losses from the storage tank (580 sq. ft. 
surface) were 0-2 to 0-3 B.Th.U. per sq. ft. per deg. F. 
per hour, depending on the heat saturation of the earth 
surrounding the tank. 

It is planned to add a double-tube counter-flow heat 
exchanger and thus make the plant suitable for working 
all the year round and for bridging 10 to 12 sunless 
days. Pipe corrosion is to be prevented by automatic 
draining of the heating pipes during sunless periods and 
by filling with an inert gas under slightly increased 
pressure. Capital costs of the plant should be easily 
recoverable through saving of fuel and operating costs 
since a simple thermostat can ensure fully automatic 
operation. 


WELDING 


New Gauge for Checking and Preparing Welds. 


(From Arcos, Belgium, Vol. 24, No. 104, January, 1947, 
pp. 2499-2502, 10 illustrations.) 


** ARcos”’ recently brought onto the market a new 
gauge which allows for the measurement of the depth 
of fillet welds, the height of butt welds and for the 
checking of the usual chamfer angles. This small and 
handy gauge consists of a fixed part with wings which 
rest upon the welded sheets and a graduated slide 
having pointed ends which touch the welds as shown 
in the accompanying illustration. In addition, there 
is a special feature which allows for the correct measure- 
ment of the weld depth even when the two sheets are 
not welded at right angles to each other owing to faulty 
assembly. The distance between the feeler A and the 
point B is so small (about 30 mm.) that the error in 
measuring the fillet weld is reduced to a negligible 
amount. Butt welds are similarly measured, with the 
advantage that the measuring errors in cases of faulty 
assembly are kept to a minimum. 
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For assessing welds less than 7 mm. deep, the narrow 
end of the gauge can be used so that the measuring 
error is further reduced. 

The illustration also shows angles of 60 deg. and 
70 deg. in the wing parts of the gauge which are used 
to measure the chamfer of the edges of the sheets prior 
to welding. 
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ANNUAL EXPORTS 


This is the target the Engineering. and Allied 
Industries are called upon to achieve by the 
end of 1948. 
5,000 specially selected Overseas Buyers will 
be provided with detailed information about 
thousands of important engineering products 
in the first post-war edition of the British 
Export Catalogues. 

These Catalogues, produced in association with 
the Institute of Export (which has appointed a 
Council of Control), are modelled on experience 
gained in the production of export catalogues 
between the two great wars. They are designed 
not only to play a part in the present drive 
for exports but to create permanent goodwill 
in all overseas markets. 


A printed list of the 5,000 
names and addresses of 
buyers who will receive the 
Engineering Series of these 
Catalogues will be presented 
free of charge to every 
advertiser. 

Write to-day for full par- 
ticulars which include the 
names of some of the 
engineering firms who have 
already booked space. 


Series for other Trades 
in preparation. 














THE STANDARD 


CcéTeLOCeCS CO: LTS., 
Established 1907 





BLOOMSBURY HALL, BLOOMSBURY WAY, 
ROLSORN, LONDON, W.C.1 
Telephone : HOLborn 6325 (5 lines) 

Telégrams : BRITSTANEX. WESTCENT, LONDON 
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machine tools 
OF NUMEROUS TYPES 


Government Surplus machine tools 
available NOW at attractive prices. 
YOUR opportunity to get better 
equipment and increase production. 


DISPOSAL CENTRES, where records 
of all machines available may be in- 
spected, are open to the public for en- 
quiries from 10 a.m. to 4 p.m. Monday 
to Friday inclusive :— 
BIRMINGHAM C.M.L. Buildings, Great Charles Street. 
BRISTOL 8/9 Elmdale Road, Bristol 8. 
CARDIFF Imperial Buildings, Mount Stuart Square. 
GLASGOW 21 Glassford Street. 
LEEDS 10 Bank Street, off Boar Lane. 


LONDON Room 0088, Ground Floor, Thames House 
North, Millbank, S.W.1. 


MANCHESTER Britannia House, Fountain Street. 








ISSUED BY THE MINISTRY OF SUPPLY 
K 


THE ENGINEERS’ DIGEST 





at pres 
Mi 
a dire 
East C 
Mi 
directc 
Meanv 
Mi 
acting 
Railwa 
Chair 
Mz 
develo; 
receive 
Londo 
perties 
from L 
Mr 
Thos. 
Mr 
Preside 
W.1. 
Associt 
Mr 
Started 
to eng 
Tetten 


has bee 
Londo! 
Co: 
hithert 
joined 
tion (D 
Mr 
has be 
in the 
Mr 
Mr. H 
manage 
Electric 
Mr 
Institut 
Deanga 
Mr. 
The Br 
Londor 
manage 
Mr. 
M.1.Me 
Techno 
Princip: 
whose |] 
Mr. 
director 
L. H. 1 
have joi 
secretar 
respecti 


r. 

W.5, h 
Directo: 
Mr. 
Ward (( 
aging di 


DEC 











NEWS OF THE MONTH 


Announcements in this section include News relating to 
British Firms, and on Equipment produced by British 


Manufacturers. 


Available literature may be secured by addressing a 
request to the advertising department of “‘ The Engineers’ 
Digest,” or by writing direct to the manufacturer and 


mentioning “‘ The Engineers’ Digest” as a source. 
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@ NEW EQUIPMENT 

@ BOOKS AND CATALOGUES 
@ BUSINESS CHANGES 

@ NOTES 














PERSONAL. 


Sir Wilfrid Ayre, J.P., M.I.N.A., has been elected President 
of the Shipbuilding Employers’ Federation; Mr. Frank W. 
Dugdale, B.Sc., M.I.N.A., M.I.Mar.E., has been elected senior 
vice-president, and Sir Lawrie Edwards, M.I.N.A., and Mr. 
Charles Connell, M.A., M.I.N.A., have been appointed vice- 
presidents. Mr. V.S. Mangham, M.I.Mar.E., has been elected 
chairman and Mr. R. S. Chipchase, C.B.E., M.I.N.A., vice- 
chairman, of the Conference and Works Board. 

Mr. E. S. Bailey has been appointed vice-president and Mr. 
G. C. Downing, director and general manager of Specialloid 

Canada) Ltd. 

Mr. P. G. Bhagat, B.Sc. (Glas.), A.M.I.C.E., M.I.E. (India), 
has been appointed Director-General, India Store Department, 
at present located at Blackpool. 

Mr. Walter Browning, A.M.I.Mech.E., has been appointed 
a director and general manager of Messrs. Saunders-Roe Ltd., 
East Cowes, Isle of Wight. 

Mr. George Caton, M.I.E.E., has been appointed managing 
director of the Yorkshire Switchgear and Engineering Co., Ltd., 
Meanwood, Leeds 6. 

Mr. J. Dearden, M.Sc., A.M.I.Mech.E., has been appointed 
acting chief metallurgist of the London Midland and Scottish 
Railway Company, to succeed Dr. H. O’Neill, who has taken the 
Chair of Metallurgy at Swansea University. 

Mr. H. A. Dell, B.Sc., A.R.C.S., D.I.C., of the research and 
development department of Mullard Radio Valve Co., Ltd., has 
received the degree of Doctor of Philosophy of the University of 
London for his thesis on ‘‘ A Physical Investigation of the Pro- 
perties of Thin Films used in the reduction of Surface Reflections 
from Lenses.” 

Mr. Stanley J. Dyal has been appointed a Director of Messrs. 
Thos. W. Ward Ltd., Albion Works, Sheffield. 

Mr. E. A. Evans, M.1.Mech.E., F.Inst.P., has been nominated 
President of the Institute of Petroleum, 26 Portland Place, London, 
W.1. Mr. Evans is chairman of the Motor Industry Research 
Association. 

Mr. R. J. Fowler, B.Sc.(Eng.), A.C.G.L, A.M.L.Mech.E., has 
started consulting practice, specialising in the application of welding 
to engineering design and pzoduction, at 33 Woodthorne Road, 
Tettenhall, Wolverhampton. 

Mr. T. S. Harker, B.Sc. (Eng.) (Lond.), A.M.I.Mech.E., 
has been appointed principal of the Wimbledon Technical College, 
London, S.W.19. 

_ Commander (E.) F. W. Hornsby, M.I.Mech.E., R.N., Rtd., 
hitherto on the staff of the Armament Design Department, has now 
joined the Ministry of Supply as Assistant Director, Standardiza- 
tion (Defence), Shell Mex House, Strand, London, W.C.2. 

Mr. L. G. Jones, of 22 Montrose Avenue, Dutchet, Bucks., 
has been appointed to the Colonial Service as Electrical Engineer 
in the Gold Coast. 

Mr. G. T. King has been appointed purchasing agent and 
Mr. H. Lawson-Jones, M.C., B.Sc. (Eng.), has been appointed 
manager of the contracts department of the Metropolitan-Vickers 
Electrical Co., Ltd., Trafford Park, Manchester 17. 

Mr. G. Lambert has been appointed assistant secretary to the 
Institute of British Foundrymen, St. John Street Chambers, 
Deangate, Manchester 3. 

Mr. A, W. Langham has been appointed sales manager of 
The British Aluminium Co., Ltd., Salisbury House, London Wall, 
London, E.C.2. Mr. E. A. Langham has been appointed general 
manager for The British Aluminium Co., Ltd., in India. 

Mr. C. L. Old, B.Sc.(Eng.), M.Sc.Tech. (Manch.), 
M.1.Mech.E., has been appointed Principal of the College of 
Technology at Rotherham, and not as erroneously bes worsen to the 
principalship of the Royal Aircraft Establishment Technical College 
whose Principal is Mr. R. D. Peggs, M.A., M.I.Mech.E. 

. Mr. C. F. Russell has been elected chairman and managing 
director of Specialloid Ltd., North Finchley, London, N.12. Mr. 
L. H. Maidman, Mr. H. R. Peters and Mr. R. A. Cuthbert 
have joined the Board of the Company and they hold the offices of 
secretary, general sales manager and general works manager, 
respectively. 

Mr. J. E. Sutton, of 2a Madeley Court, Madeley Road, London, 
W.5, has been appointed electrical engineer with the Central 
Directorate of Aeronautical Communications, Caribbean Area. 

Mr. William Wood, general manager of Messrs. Thos. W. 
Ward (Coal) Longbottom Ltd., has been appointed assistant man- 
aging director. 
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NEW EQUIPMENT. 


New Method of Tube, Bar and Rod Bending. A new 
repetition bending machine, just put on the market, incorporates a 
unique system of accurate control on the length of the pipe and the 
angularity of bend, which makes it completely versatile within its 
capacity. The machine may be used for manipulating Tube, Bar, 
Rod and Wire ; Tube can be bent cold and unloaded. The many 
and varied applications of this new repetition bending machine 
include gas, steam and hydraulic pipes; domestic water pipes, 
hot and cold systems, metal drain pipes ; brass and copper tubes in 
general engineering applications; electrical conduits; and bars 
and rod for structural engineering purposes. Detailed and illus- 
trated description of the machine can be obtained free by writing to 
“* The Engineers’ Digest,” 120 Wigmore Street, London, W.1. 


New Speed Regulators for Propellor Fans. The practice 
of putting fan regulators out of sight wherever appearance must 
be studied is not necessary in the case of the new Type AR speed 
regulators introduced for G.E.C. A.C. propeller fans. 

Compact and neat, these regulators are suitable for well-appointed 
surroundings. ere are two types, series-choke for small fans 
and auto-transformer for larger fans. Each gives a downwards 
speed regulation of 30 or 40 per cent with either four or five running 
speeds, and “‘ Off,” located by means of a snap-action switch. In 
each type the design results in a low heat loss compared with re- 
sistance type regulators, and this permits compactness of size. 

Totally enclosed, except for indiscernible ventilating slots top 
and bottom, the regulators are smoothly d, well finished 
and fitted with a plated indicator scale and moulded control knob. 











FOR PROTECTIVE AND DECORATIVE PURPOSES 
To resist wear or corrosion as part of the 
process specification for new parts. 

FOR BUILDING UP WORN PARTS 
to size and providing resistance to wear 
and corrosion. 

FOR SALVAGING MACHINE SHOP ERRORS 


Approved by A.I.D., C.I.A., C.1.E.M.E., etc. 
Capacity available—write for particulars. 


BRAILEY ELECTROPLATERS LTD. 


CHAPEL ST- SALFORD 3:°M/C 
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Sample regulators subjected to a life test have completed 350,000 
operations under full load and have still remained serviceable. 
Assuming ten operations a day in normal use, this represents about 
100 years’ ordinary service. 

The regulators are manufactured by Woods of Colchester, Ltd., 
an associate company of the G.E.C. 


EXHIBITIONS. 


THE FOIRE DE PARIS will be held from the Ist to the 17th 
May, 1948. Space allocation takes place at the end of the year. 
Therefore, intending exhibitors are urged to send in their applica- 
tions at the earliest possible moment. Forms and relevant parti- 
culars can be obtained from the London representative of the Foire 
de Paris, Miss Lambert, 14/15 Rugby Chambers, 2 Rugby Street, 
London, W.C.1. 


EXHIBITION OF ELECTRONIC INSTRUMENTS. A 
trade exhibition to introduce a new range of electronic instruments 
manufactured by Cinema-Television Ltd., will be held at Bretten- 
ham House, Lancaster Place, London, W.C.2, from January 20th 
to January 3lst. The apparatus on view will include an Industrial 
Metal Detector designed to operate with the conveyor system for 
the automatic detection of metal objects in food products, textiles, 
plastics, etc.; a High Speed Counter with 30,000 per minute 
capacity; a new Oscilloscope with a 15 in. cathode ray tube 
specially designed to allow front and rear view of tube face; a 
Universal Oscilloscope of unit construction permitting the intro- 
duction of units as required ; a Laboratory Oscilloscope for all 
precision laboratory investigations ; and a Process Timer with 
eighteen pre-selective time periods. Applications for tickets 
should be addressed to Cinema-Television Ltd., Worsley Bridge 
Road, London, S.E.26. 


THE GAUGE AND TOOL EXHIBITION will be held at 
the New Hall, Vincent Square, London, S.W.1, from January 
26th to February 6th, 1948, and will be open daily from 10 a.m. 
to 7 p.m., except on Sunday, February Ist. The products on view 
will include Gauges and Measuring Equipment; Jigs, Fixtures, 
and Special Tools; Special-purpose Machines and Equipment ; 
Press Tools ; Portable Electric and Pneumatic Tools ; Moulds and 
Dies ; Diamond Tools ; and Engineéring Cutting Tools. Effective 
support is already being received from the Board of Trade, the 
Ministry of Supply, the Foreign Office, and the Central Office of 
Information. 


THE OFFICIAL OPENING OF THE ENGINEERING 
CENTRE, at 351, Sauchiehall Street, Glasgow, has taken place 
on Wednesday, 3rd December, at 2.30 p.m., after the Inaugural 
Meeting at the Beresford Hotel, Glasgow. 


BUSINESS NOTES. 


Messrs. Crofts (Engineers) Ltd., of Thornbury, Bradford, 
acquired the old established firm of Messrs. Newton, Bean & 
Mitchell, of Dudley Hill, Bradford. Established in 1896, Messrs. 
Newtor, Bean & Mitchell have specialized in the manufacture 
and repair of Steam Engines, Condensing Plants, Compressors, 
Power Transmission Accessories, etc. They are well known in 
many overseas countiies. 

Messrs. Crofts intend to retain the present management and 
staff to carry on the business under the same name without inter- 
ruption. It is expected that, after complete reorganisation and 
re-equipment of the works, the number of employees will be in- 
creased from 50 to about 200 in the near future. 


The og Engineering Co., Ltd., Southmead, Bristol, appointed 
Mr. S. C. Lofts, of 12 Southcote Road, London, N.19, to London 
representative of the company. 


The Wellman Smith Owen Engineering Corporation Ltd. 
have acquired for their Head Office more commodius premises at 
Parnell House (Opposite Victoria Station), London, S.W.i. Tele- 
phone numbers and telegraphic address will remain unaltered, 
except for the Furnace Construction Department whose telephone 
number is Victoria 9684-5. 


B.O.C. £100 Welding Prize. The Council of the Institute of 
Welding have gratefully accepted the offer of the British Oxygen 
Company, Ltd,, to provide a prize of Yaad a year for three years, 
to be known as the B.O.C. Welding Prize and to be awarded for 
a paper submitted by a member of the Institute on some aspect of 
gas welding. The terms of the competition, which are to be 
drawn up by the Institute, will be announced shortly. 


IMPORT OF MACHINERY FREE OF DUTY. 


Under Section 10 of the Finance Act, 1932, as amended, the 
Treasury are empowered, after consultation with the Board of Trade, 
to license the duty-free importation of machinery. It is a statutory 
requirement that application for the issue of a licence under the 
Section should be made before the machinery is imported. 

ses continually arise in which application is made for a 
Treasury licence after the consignment of machinery has reached 
the United Kingdom. Whatever the merits of the case for duty- 
free importation, it is not possible under the statutory provisions 
for a Tredsury licence to be granted in such circumstances. 

Importers should accordingly note that, in the case of an 
machinery which it is desired to import free of duty, it is essential, 
in order that the application for exemption from duty may be con- 
sidered, that the application for such exemption should be made 
before the machinery reaches United Kingdom. The application 
can then be considered on its merits. 
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Directorate of Mica. The Board of Trade announce that the 
address of the Directorate of Mica is now :—23 Buckingham Gate, 
London, S.W.1. Tel. No. VICtoria 7503. 

E. H, Jones (Machine Tools), Ltd., of Edgware Road, The 
pei hp London, N.W.9, announce that they have now been appointe 
sole distributors for Great Britain for the Lodge & Shipley Compan ; 
of Cincinnati, ers of the well known Duomatic Centre Lath: 
and the Acme Turret Lathe. : 

In addition the company have also been appointed agents for 
the Racine Tool & Machine Company of Wisconsin, manufactures 
of metal cutting machines. 

The Hoffmann Manufacturing Co., Ltd., Chelmsford, Esse:, 
Manufacturers of ball and roller bearings, steel balls and stecl 
rollers, will celebrate on the 11th January, 1948, the 50th anniversary 
of its founding. 

BOOKS RECEIVED. 

Penmaenmawr Pocket Book. Edited by Montague Skiti. 
Publisher: Montague Skitt & Co., London. 550 pp. Price: 
10s. 6d. Printed on India paper in clear type, and arranged for 
quick reference, this little book contains valuable technical in- 
formation and formulae concerning the design, construction and 
maintenance of the highways. At the end of the book are specially 
drawn maps, including sectional road maps of Great Britain in 
three colours, showing the National Grid and a road map of Ireland. 

The FBI Register of Manufacturers. ‘The first post-war 
edition of the FBI REGISTER OF MANUFACTURERS—the only complete 
guide to the Members of the Federation of British Industries, their 
products and services—is now available. Published jointly by 
Kelly’s Directories, Ltd., and Iliffe & Sons, Ltd., the 1947-8 edition 
lists over 5,000 of the foremost ret pena | organisations in 
Great Britain, and includes much entirely new information designed 
to appeal specifically to foreign buyers. Of particular importance 
are a Products & Services Section, with all FBI Members classified 
under 5,250 headings facilitating the rapid identification of supply 
sources, an Address Section comprising an alphabetical directory 

iving complete information on every Member, and a Brands & 

rade Marks Section enabling buyers to trace the makers of 
branded products ; these are supplemented, from the overseas 
reader’s view point, by additional reference facilities in French and 
Spanish. 

‘ Produced under an arrangement with the Federation of British 
Industries, the 1947-8 FBI REGISTER will provide valuable support 
for the export drive, its world-wide distribution including the 
principal Buyers, Importers and Shipping Agents throughout the 
world, British Consuls and Commercial Attaches abroad, Trade 
Commissioners, Chamber of Commerce, etc. Distribution is being 
handled by Kelly’s Directories, Ltd., 186 Strand, London, W.C.2 
from whom copies are obtainable at a price of 2 gns. (special 
terms to FBI members). 

The Nickel Bulletin, Volume 20, Number 11. The Novem- 
ber issue of The Nickel Bulletin, gives considerable attention to the 
subject of constructional steels and includes a number of abstracts 
from the American Society of Metals. There is, in addition, further 
interesting material on heat- and corrosion-resisting alloys. The 
Nickel Bulletin is obtainable free of charge from The Mond Nickel 
Company, Limited, Grosvenor House, Park Lane, London, W.1. 

Industry in Sussex. This 80-page brochure published by the 
Sussex Engineers and Manufacturers’ Association aims at ge rma 
the co-operation of engineers and manufacturers in the Sussex 
area. By distributing the little booklet on Sussex Engineering in 
foreign countries all over the world, the association also wishes 
to attract to Sussex some share of the export trade which is so very 
much the concern of British industrial enterprise to-day. 

National Foundry College. The National Foundry College 
has now been established and its Board of Governors nominated 
by the Minister of Education, representing a number of interested 
bodies in industry and education under the chairmanship of Mr. 
Randall G. Hosking. The College will be housed in, and work 
closely in conjunction with, the Wolverhampton and Staffordshire 
Technical College. : 

It is hoped to open the first session on 5th January, 1948, to 
conclude in August. The Prospectus of the College and_ the 
curriculum with form of application for admission can be obtained 
from the Head of the National Foundry College, Technical College, 
Wulfruna Street, Wolverhampton. ne 

Mr. J. Bamford, B.Sc., who was in charge of the British Foundry 
School during 1935-39, and has since held important manageria! 
F seaeer gy) in industry, has been appointed Head of the National 

o1 lege. 

Armstrong-Whitworth me Wing. Arrangements have 

been made by the Ministry of Supply and Sir W. G. 
Aircraft Ltd., for the demonstration in flight and on the ground, of 
the Armstrong Whitworth Flying Wing, on Tuesday, December 
16th, at the Bitteswell Aerodrome, near Rugby. This aircraft is 
undoubtedly the most advanced type of research machine of it 
category in the world to-day. 7 

Whiteheart Malleable Iron Castings. The British Standard: 
Institution have recently published a revision of B.S. 309, White- 
h leable os — covering two grades of castings, 
namely grade 1 and grade 2. sf 

The provision and heat treatment of test bars are specified and 
the test requirements are related to three different sizes of test bar® 
selected according to the important sectional thickness of the 
castings. A tensile test and either a bend test or an analysis certifi- 
cane of the phosphorus content are specified and provision is made 
for additional tests to be called for where appropriate. Details are 
also included of workmanship and finish, machineability and testing 
facilities. : 

Copies can be obtained from the Institution, 24 Victoria Street, 
London, S.W.1, at a cost of 2s. 
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DUD AAS 


Low Temperature Electric 


RADIANT 
WARMING ~ 


introduces new standards of 
comfort, economy and simplicity 


Wherever electricity costs are reasonable, Dulrae low temperature 
Radiant Warming is the most luxuriously comfortable, trouble- 
free and economical system of heating for new or existing 
buildings. Radiant Warmth at approximately body heat is evenly 
distributed from the ceiling surface under thermostatic control, 
ensuring uniform temperature and a pleasant, healthy atmo- 
sphere. Full information on request. 







Dulrae ceiling in a London office. 


“« MEDRAE ”’ and “ HIRAE’’ ELECTRIC RADIANT 
PANELS, PORTASLE WARMERS AND TOWEL 
AIRERS make Radiant Warming readily available 
in factory, office and home, in simple and econom- 
ical form. Write for full information. 


Specialists in Heating, Ven- 











RICHARD CRITTALL & COMPANY LIMITED /RICHARD All 08g 
156 GREAT PORTLAND STREET * LONDON * WI * ENGLAND CRITTALL] teen & Kitchen Equipment, 
oT Industrial Process Eauibment. 
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Manufacturers of 
DRAWING and 
SURVEYING 
INSTRUMENTS 


SLIDE RULES 


DRAWING MATERIALS 


DRAWING OFFICEj 
STATIONERY 


A GTHORNTON LTD 
Drawing Instrument S$} 


415 GARTSIDE ST MANCHESTER 3. 
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INTERCHANGEABLE 


interchangeable Sockets, 
Handles and Parts. Servi 

Socket Sets. Wrenches and 
Extractors for all purposes. 


JENKS BROTHERS LTD 


BRITOOL WORKS - BUSHBURY + WOLVERHAMPTON 





We can offer the unique 
“W"' Type universal Ball 


Joints in types and sizes'to 


meet most transmission 

needs 

May we be of service? Even 

problems hoary with age 

often respond to “W” 

Type Universal Joints. 

Available in [4 sizes single and 9 sizes double 














fine Limirs in 
SF BET METAL 
“WORK 


Instrument Cases, 
Electrical Switchgear Cases, 
Radio Chassis, Amplifier Racks, etc. 


Sheet metal precision work is 
our speciality. We work to the 
finest limits, and can satisfy your 
requirements, finishing an excel: 
lent job by enamelling electro- 
plating, etc., to your specification. 


: & COMPAN! 
RITHERDON * 


Lorne Street - DARWEN, Lancs. 


Established 1895 "Phone: DARWEN 1028 
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FAST MULTIPLE BRAZING 


i fap simultaneous brazing or soldering of 

a number of joints has been put on a 
fast production basis by the STANELCO 
ELECTRODE SOLDERING AND BRAZING 
MACHINE and, in addition, the even heat 
distribution of the electrode method results 
in better joints in a small fraction of the 
time required by other methods. 
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We can help you on your problem if 
you will send us samples of the parts to be 
soldered or brazed. 
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os ELECTRODE SOLDERING 
S AND BRAZING MACHINE 


Standard Telephones and Cables Limited 


(INDUSTRIAL SUPPLIES DIVISION) 


CLINE ROAD . BOUNDS GREEN . LONDON, N.II 











STANDARD 
AUTOMATIC 
STARTERS 







tc. 
a DIRECT-ON 
ahs Our standard range covers 
on up to 350 hp. 





CONTACTOR. SWITCHGEAR LTD. 


WOLVERHAMPTON 
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| 
GENERAL ENGINEERS 





%& Repetition Machining. Pressings. Rivets. 
Sheet Metal Fabrications. Jigs. Tools. Gauges. 
Moulds. Press Tools. Cutting Tools, etc., etc. 
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WELDED TANKS 


and 


VESSELS 
in all Weldable Metals 





ROBERT JENKINS & CO. LTD. 


IVANHOE WORKS, 
ROTHERHAM. 


Phone: 
1850 (4 lines) 














WELDED 


STEEL BARROW 


TESTED 


FOR LOADS UP TO ONE TON 
WITH MANY UNUSUAL FE “RES 


WE ARE ALSO 
SPECIALISTS 
FOR 


METAL 
PRESSINGS 


FOR THE 
MOTOR CAR 
AIRCRAFT AND 
RADIO 
INDUSTRY 


(gteet FABRICATIONS) lr 


ST. ANNE’S ROAD - WILLENHALL 
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‘ROYAL 
GEORGE’ 






Wherever felt is required specify ‘ Royal George.” 
Our technical department is at your service to 
advise on new uses of felt in industry. 


ROYAL CEORGE 


R. R. WHITEHEAD & BROS. LTD., GREENFIELD, NR. OLDHAM felt 
London: Blackfriars House, New Bridge Street, E.C.4. Tel. CEN. 0054 Royal George Mills 





Measurement by Mullard 












Cathode Ray Oscillograph Type E.800 


His oscillograph is particularly well suited 
- investigations of a low frequency character, 
its time base circuit covering a range of from 
0.25 c/s. to 16 kc/s. (also single-stroke firing). The 
vertical axis amplifier is flat within 2 dB at frequencies 
between 0.1 c/s. and 40 kc/s. and at maximum gain 
a sensitivity of 1 mV. (r.m.s.) per cm. is achieved. 
These characteristics, together with other important 
factors, make this equipment an ideal one for the 
study of stress and vibration problems and transient 
or recurrent electrical phenomena in the low 
frequency spectrum. 


vor 


Leaflet MD.438 available upon request. 


THE MULLARD WIRELESS SERVICE COMPANY LTD. 


(Measuring Apparatus Section) 


CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2. 


(M,1.200A) 
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4 ‘POWER 


Power users possessing inde~*"d* ¢ 
power plant can carry on without !- 
terruption during outside supply cuts 
which bring others to a standst’’ 


Crossley diesel loop scavenge engines 
incorporate Exhaust Pulse Pressure 
Charging with Kadenacy proportions 
of ports, timings, etc., and have a 
scavenge efficiency of 90 per cent. 
Crossley engine types for various ap- 
plications range from 10 to 3,000 b.h.p. 


Irstil 
CROSSLEY 


DIESEL ENGINES 


CROSSLEY BROTHERS LIMITED, MANCHESTER, I! 
London Office: Langham House, 308 Regent Street, W.! 














THERE’S ALWAYS AN OPENING 
FOR A fi) s\n h@ ROLLER SHUTTER 


AP ERTL 


Loading bays—factory entrances — garages — stock 
and tool cupboards—canteen service-hatches or 
delivery vans, Brady Shutters cover every kind of 
opening. They save floor space, time and effort in 
operation and always provide the greatest security, 


G. BRADY & CO. LTD. 
ANCOATS, MANCHESTER 4, ENGLAND 


LONDON : Tel. : COLlyhurst 2797/8 BIRMINGHAM : 
New Islington Works, e Rectory Park Road, 
Park Royal, N.W.10. and at Montreal, Canada. Sheldon, 8. 











A.I.D. Approved 





William C. Francis 


LIMITED 
Manufacturers of 


JIGS, PRECISION TOOLS, 
GAUGES, PLASTIC MOULDS, 
PROTOTYPES 


SPECIAL PURPOSE MACHINES 
@& WELDED CONSTRUCTIONS 


SIR HENRY PARKES ROAD 


cANLEY, COVENTRY 


Phone 4540 
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Wier your aim 1s 





EFFICIENCY 


specify 


MONARCH 


PRESS TooLs - JIGS - FIXTURES - GAUGES 
MOULDS FINISHED TO FINE LIMITS 
SPECIAL PURPOSE MACHINERY 


We have capacity and facilities 

for the manufacture of light, MONARCH ENGINEERING CO. 
medium and some heavy engin- KING STREET - MANCHESTER,3 ~- LANCS. 
eering products. Inquiries invited. Telephone : DEANSGATE 5327/8 


KOTAMETERS 


PRECISION FLOWMETERS 


Rotameters are precision instruments giving con- 
tinuous and direct readings of the rate of flow of 
any gas or liquid through a pipe. Accuracy of flow 
readings is vitally important in many processes for 
manufacturing Explosives, Acids, Oils, Compressed 
Gases; also for gas welding, flow and leakage testing 
of fittings, performance testing of engines and 
compressors. Rotameters cannot wear out or 
deteriorate. Complete absence of friction ensures 
lasting accuracy. British made throughout. Details 
are contained in our folder R.M. 120/1. E.D., which 
may be had on request. 
ROTAMETER MANUFACTURING CO. LTD. 


PURLEY WAY, CROYDON, SURREY. 
Telephone: Croydon 7262-3. Telegrams: Rotaflo Croydon. 
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SMALL GEARED 
MOTOR UNITS 


Send for 
List No. 302-1 F 





Drayton “RQ*’ motors are unidirectional, reversing 
or continuous running for 100/110 or 200/250 volts A.C 
FINAL SHAFT SPEEDS: 
Reversing 600 R.P.M./27 min. per rev. 
Unidirectional 280R.P.M./60 min. perrev. 
TORQUE: 60 Ibs. in. max. 


CONSUMPTION: 25 Watts. (RQs) 


Drayton Regulator & Instrument Co. Ltd. 
West Drayton, (West Drayton 2611) Middlesex 


























When machine din aes 
“phoning 
impossible 


INSTALL A BURGESS 


" ACOUSTI-BOOTH 


and converse NORMALLY 





Write for Bulletin, B.P. 131 D. 


BURGESS PRODUCTS CO. LTD. 


ACOUSTICAL DIVISION, HINCKLEY, LEICS. 





MACHINERY 
BELTING 
FASTENERS 


gAt 





Made from tough steel and scientifically designed for con- 
tinuous hard service to ensure long, smooth running. 
Also‘BAT’ CARDED BELT HOOKS for light, fast drives. 
Sold by Mill Furnishers and Hardwaremen everywhere. 
Send for samples and prices to the Sole Manufacturers: 


AUTOMATIC PRESSINGS LTD. Blackheath, Birmingham. 
*Phone: Blackheath 104I. 
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“MOBILA” PUMF 


THE WORLD’S MOST MODERN 


CIRCULATING PUMP 
FOR CENTRAL HEATING 


Noiseless 
No Stuffing Box 
No Lubrication 


No Attendance 
Required 





THOUSANDS OF “MOBILA” PUMPS 
ARE IN USE ALL OVER THE WORLD 


SEND FOR FULL PARTICULARS 


E. LAPP & ~ oa ZURICH 2 
Tel. 45-22-33 | 
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Quarts from pint pots 


Outstripping the promise of its size by its output, 
our S type borer inevitably suggests inversion of 
the old saw concerning quarts and pint pots. 
Furthermore, quantity and variety of work are 
matched by quality of the traditional Kearns 
standard. It bores, faces, mills, drills, taps and turns 
— according to the model and the attachments used. 
The collet model has a hollow spindle and a collet for holding boring bars, drill sockets, 
etc. The facing chuck model differs only in having, instead, a solid spindle and a 9° 


diameter facing chuck with reversible feed. 





KEARNS FOR BORERS 


H. 7. KEARNS & COMPANY LIMITED 
SROADWEA TH near MANCHESTER 


Tad) STEPS... 
5 ¥ Al Mh SAFETY 


FOR USERS OF ZINC ALLOY 
PRESSURE DIE-CASTINGS 


. = 
> \\ 
— , Z, } || Due to the change over from wartime conditions 
ee there is a considerable amount of secondary 
ae and re-melted Zinc Alloy in circulation. .. 
7m Inter-crystaline corrosion caused through an 
impurity content of even a few thousandths of | %,, 


al \ Wi endangers the life of your castings. Protect YOUR 
, j 3 interests by taking TWO STEPS... 
Nes | ow Specify Zinc Alloy Die-Castings which conform to 
B.S.S. 1004 Alloy A or Alloy B. 
Contract to have a reliable metal- 
aap lurgical test carried out, as a routine 
monthly check on the specification of Zinc Alloy Die- 
Castings taken at random from incoming supplies. 






































7 





Benet. 
WOLVERHAMPTON DIE-CASTING CO. LTD. 


GRAISELEY 


TELEGRAM 


= WF ad fe ° WOLVERHAM PTON 


WOLVER 


Te 
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5. JELLYMAN, LTD. 


HNIUIIVLVUVUIUIVIWLVIIUIU’ Ese. tee] 4 UOTIUOIOUIVNVUIIOUULLUN 


@ PLANT ENGINEERS 
@ FABRICATED STEEL WORK 
@ TUBULAR STRUCTURES 
@ WELDING 
@ MACHINING 
@ GREY IRON CASTINGS 


IIIULLUOUUUUUUAUOTUUUUTOUUUUTAUTAUOUTLUTOUE UT 


Cannock Foundry & Engineering Works 
CANNOCK, STAFFS. 


*Phone: Cannock 2188 












85°, 
MAGNESIA 


PLASTIC 

LAGGING INSULATION 

ASBESTOS § 

ASBESTOS Non-conductiag 
MATTRESS 


LAGGING 


PORTABLE Composition, 
SECTIONAL 
COVERINGS 

in 


ri ASBESTOS 85°, MAGNESIA, ETC. 


AWSTHORME 


sled 
LARK STREET MILLS, BOLTON 


TELEPHONE 1143 ESTABLISHED 1860 
ion 











MIC YC TE OLD) 


(Illustrated on cabinet stand) 
STURDY - DEPENDABLE 
ACCURATE 


MYFORD ENGINEERING COMPANY LIMITED 


BEESTON NOTTINGHAM ’Phone: 54222 (3 lines) 





STRATFORD AD. BIRMINCHAM.2 


Telephone: SPRingfield 2623 
Members of the Gauge and Toolmakers’ Association. 
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Telephones: BOLTON 5966-9 4 


«tt CROLT ENGINEERING LTD. 


A STIC 
































) 

"7 Waterloo Street, 
BOLTON. 

ross j 
i Special Machines of All Types 
\. Manufactured Complete to Customers’ 
¢ Specification and Design. 
‘ Designers and Manufacturers of HIGH PRECISION JIGS, ! 

FIXTURES, PRESS TOOLS, GAUGES, etc. 


HEAT TREATMENT SPECIALISTS to Engineering Trade. 




















YY 
BELLOWS GLANDS 
FILTON LTD. : 


© WHARF WORKS - CLAPHAM STREET 
7 __ LEAMINGTON SPA -_ Phone: 2111-2 
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PROMPT DELIVERY 
HIGH SPEED 


ELECTRIC 
INDUCTION MOTORS 


Scophony fractional horse-power 
motors are units of concentrated 
energy giving extraordinary high 
performances for their size. 
Specially designed for use in 
aircraft, marine craft and where- 
ever space and weight are 
restricted, they are extremely 
reliable. A Scophony product 
means it is a precision job. 








Full particulars sent on application 


$4.0 ? HH OW Y 
LIMITED 


36 VICTORIA STREET, LONDON, S.W.1 


Telephone: ABBEY 4852 
D/48/Cc ;4 
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CARTER Patent HYDRAULIC | 


Infinitely Variable Speed 





MOTOR UNITS. 


The 
Best 
Solution 
of the 
Variable 
Speed | 
Problem | 


























GEARS ALSO PROVIDED FOR COUPLING 
TO STANDARD MOTORS (HORIZONTAL 
OR VERTICAL MOUNTING) 
Typical @ Output Speed infinitely variable from maximum to 
zero and reverse 


Applications: @ Any required Output Speed positively maintained, 


coorn on @ Manual, Electrical or Automatic Control from all 
PY <i a positions, local or remote. 
FURNACES @ Controls can be operated with gear running or 
BOILER stationary. 
STOKERS @ Patented features ensure highest efficiency and 
EXTRUDING durability, 
MACHINES @ Successfully applied for a number of years in a wide 
Soe. variety of trades, 
ETc, ETC @ Standard Units up to 25 HP, 


WRITE FOR FOLDER C4622 
wwe CARTER GEARS LTD ~-~ 


macrer THORNBURY ROAD, BRADFORD 7 ocvacy 
ASSOCIATED WITH CROFTS (Engineers) LTD 














TRADE 





MARK 


MODERN MACHINES 


SHEET METAL TRADES 


ALSO 
SPECIALISTS IN 


HOLLOW BORED 
os 


Enquiries promptly dealt with by— 


KEETON SONS & Co. Ltd. 
ROYDS LANE, 
SHEFFIELD, 4 





Xxxvi 





T... choice of 


springs is simple 







if your needs are 
for really class 
quality and reli- 
ability. 


Simply @ 
specify :- ” 





ROBERT RILEY LTD., MILKSTONE SPRING WORKS, ROCHDALE 
"Phone : Rechdale 2237-8-9 and 2230. "Grams ; “* Rilospring,”” Rochdale. 
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MACHINE TOOLS 


USED & RECONDITIONED 


SPECIAL PURPOSE MACHINES 


BUILT TO CUSTOMERS’ REQUIREMENTS 


GEO. H. WHITEHOUSE & SON LTD. 
THE ENGINEERS 


GREAT BRIDGE, STAFFS. 
Telephone: Tipton 1145-6 























*; Just screw caps or screwed, 
: knurled, nibbed and curled ? 
: However you require them 
= you need never be short of 
* supplies if you instal a mach- 
:: ine such as this. One of the 
: 200 odd “specials” made by 
vist MOON, it is capable of a 
variety of eperations on 
cylindrical drawn _ shells— 
and i works fast ! 
In closure and con- 
tainer queries, you 
should consult us. 














MOON BROTHERS LTD. 


MAKERS OF TIN BOX 
AND DRUM MAKING 
MACHINERY. 


BEAUFORT RD., BIRKENHEAD, England 


Telephone : bing om 3 
Birkenhead 1527 *“* Moonbro’, Birkenhead ”’ 








dim. MB.1. 
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A DIRECT-ON-LINE 


STARTER WITH A COMPOSITE 
| ISOLATOR CAN BE MOUNTED 
N DIRECT ON TO THE LOOM 
WY A| ALSO SUITABLE FOR REVERSING 
ov : AND INCHING 
: Ve 
T AIREDALE 
Y J weet a I” det emt 
ELECTRICAL & MNFG.Co..LTD. TYPE 


) . .) 
Write for details to HARROGATE ROAD, APPERLEY BRIDGE, BRADFORD 4 92B 




















The Lathe that can 
even turn a hair £ 











PULTRA MICRO LATHES 
Micro Photo 


are specially designed for the efficient Whar tani cote 
and accurate production of all small work. o.fuize Lethe 





Accessories available for milling, grinding, etc. 


Write for Catalogue CA4 


PULTRA LTD 








24 GRAVEL LANE, SALFORD 3. 
MANCHESTER: Phone. BLA.9/8/. 
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T. CALDWELL & SON, Victoria Mills, St. John Street, BOLTON, Lancs. 


SHEET METAL WORK 





Specialities: Plant available: 
STEEL DUCTING 3’x 4” PLATE GUILLOTINES 
FABRICATED STEEL COMPONENTS ras if a 
CONSTRUCTIONAL STEEL WORK i0’ x” BREAK BENDING MACHINES 
STEEL LORRY BODIES me a atthe PLANT up to 600 Amps 
FUEL TANKS MECHANICAL & HYDRAULIC PRESSES 


Also LIGHT SHEET METAL WORK for MECHANICAL, ELECTRICAL & CHEMICAL ENGINEERS 


Telephone: BOLTON 3672-3 Established 1877 




















REDUCES 
CLEARANCE 
GRINDING 


The «Composite Angle” 

is a time saving feature 
providing Right and Left-hand 
cutting edges at each end and 
thus reducing clearance  grind- 
ing to a minimum. 

Made from ‘Eclipse’ H3 High Speed 
Steel. 


Obtainable from your usual. Suppliers 





Made by JAMES NEILL & CO. (Sheffield) LTD, SHEFFIELD, ENGLAND 
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its 
' Preswork~/prings~ Capytan or 
Renetition [Machined Party 
Id A SAFE BET THAT WE CAN SUPALY IT, 
Here are just a few of the 


manu, (OMPOWENTS we make 
for manu trades. 


CAN WE HELP you? 
hurr WrRITE ~ 


phone 


or call 


and we 
shall be 


At 
Uour 
Service 


The 


Acker Sfreet R 


oe 


Engineering 


CHDALE 48041. 












Co Lt 

















VERTICAL 







WRITE FOR LEAFLET No. 3502 


ELECTRO METHODS LTD. 
220 THE VALE, LONDON, N.W.I! 
TELEPHONE : GLADSTONE 6611-2 
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NON-TILTING i 

eri: 

Agen 

RELAYS fe 
Agenc 

chdz 

att 

Robust tom 

E Agen 

Electrica y A, 
Mechanically a 

. bat 

>. 

e He) 

High er 
saitece c., D.c. FFs 

Switching i Due. Bock 

‘ Agenc 
Capacity UNIVERSALE'E*: 
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Identification and labelling 
problems of the immediate 
moment in the Engineering 
and Elecirical trades success- 
fully solved with Industria 
Printed Self-adhesive Tape 


Details of your 
own Problem welcomed by 








tabel used in Coil Winding 


INDUSTRIA TAPE 


INDUSTRIAL TAPES LTD 


92-94 NEWMAN STREET, LONDON, W.I. Telephones: MUSeum 4215-16-7 
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Classified Advertisements. 


The Rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 


SITUATIONS OPEN 

APPLICATIONS are INVITED for the following POSTS in 
the RESEARCH and DEVELOPMENT DEPT. of the UNITED 
STEEL COMPANIES, Limited :—(1) An ASSISTANT for 
Development Work in regard to Practical Engineering Aspects of 

Lay-Out and Design of Rolling Mill Plant and Auxiliaries ; (2) an 
ASSISTANT for Work on Furnace Design and Methods of Heating 
Steel for Processing. Young graduate engineers, age 22/30, are 
required, and salaries will be dependent upon age and qualifications. 
The above posts are of a permanent nature, offering opportunities 
for advancement.—Applications should be addressed to The 
Secretary, The United Steel Companies, Limited, ‘“‘ Swinden 
House,”” Moorgate, Rotherham. 
EXPERIENCED ENGINEER REQUIRED, to act as Resident 
Site Engineer during the erection and equipment of a new textile 
factory in Cardiff. Genera] Mechanical and Electrical Engineering 
knowledge essential. Textile experience desirable.-—Applications 
to Chief Engineer, Brocklehurst-Whiston Amalgamated, 
Limited, Macclesfield. 
DEVELOPMENT ENGINEERS REQUIRED for design of 
light apparatus for Aircraft. Expanding business in specialised 
equipment. Some experience of ip ty come pneumatic or electrical 
systems desirable. Good opening for keen men. Senior Draughts- 
men also required on the same class of work. Apply: Personnel 
Officer, Westland Aircraft Limited, Yeovil, Somerset. 


SITUATIONS WANTED 


ROYAL ENGINEER OFFICER, ~ eo employment with 
the Government of India, age 41, M.1.Mech.E., 

M.I.P.E., retiring from India aan ‘SEEKS PROGRESSIVE 
POST. For past 11 years has held chief executive and administra- 
tive posts in large factories engaged in non-ferrous metals. Has 
also been in full charge of design and erection of two completely 
new factories engaged in this work in India Present position 
includes experience in organisation, administration, welfare, &c., 
for factory employing 2,000 men as chief executive. Expects to be 
free March/April, 1948, —Reply to MAJW, care of G.P.O., Box 


2050, Calcutta, India. 
AGENCIES 


OLD-ESTABLISHED (1907) ENGINEERING SUPPLY COM- 
PANY would like to CONSIDER AGENCIES for South or West 
Wales for Products or Plant supplied to Steel and Tinplate Works, 
Coal Industries, &c. Have qualified Marine Engineer Representa- 
tives continually calling on industries—South Wales E eering 
Supply Co., Ltd., Atlantic Buildings, Gloucester Place, Swansea. 


ENGINEERING “4ATERIALS FOR SALE 


LARGE QUANTITY of 6BA x 1} in. R.H. Plated Steel Screws ; 
6 BA Brass Locknuts ; other sizes, 2, 4, 6, 8BA Brass also in stock. 
Ask for quotation.—John I »wnton & Co., 89 High Street, Epping. 
*Phone: 2163. 

COPPER SHEET, 18, 21 and 22 swg, 6 ft. x 2ft. 3 in.; Brass 
Rod, 13/32, § in. & 1} in. ; Brass Strip, } in. x tin, 5in. x 16 
swg; Hard Dural =“. * in. x 20 swg; Stainless. Steel bag 
3 in. od. x 3} in. id ry a Wire, 14 swg; Brass 

lin. x lin. x }in. Prices . John Downton & Co., 89 Hk 
Street, Epping. ’Phone: 216 

ALUMINIUM AND ALUMINIUM ALLOY SHEETS, 10g- 
30g, also bars, tubes and sections ; brass strip and rods, copper 
sheet and strip. Immediate delivery from stock.—Almex Ltd., 
Imperial Works, Watery Lane, Birmingham, 9 (Midlands & North) ; 
Cuprex Ltd., Works: 19 Winthrop Street, London, £.1 (South). 


MACHINERY, ETC., FOR SALE 


AIR COMPRESSORS up to 30 c.f.m., electric motor driven and 
spray painting equipment for immediate delivery from manufac- 
turers.—Alfred Bullows & Sons, Ltd. (Dept. 1), Long Street, 
Walsall, Staffs.. England. 

STEAM ENGINE for sale on site in London. ‘ Marshall” 25 
N.H.P. horizontal single cylinder—complete. ’*Phone: East 4161 
or write Sussex Laundry Ltd., 144/48, Chrisp Street, E.14. 
NISSEN TYPE HUTS, Ex-Government Stock, 36 ft. by 16 ft., 
£70 and £80; 24 ft. by 16 ft., £56 an 45. Other Buildings elso 
available. Write for details. ~Box, E Universal Supplics 
45 Pickford Lane, Bexleyheath, Kent. Telephone : Bexley eath 
4227. Yard and Depot: Crabtree Manorway, Belvedere, Kent. 








To the Advertisement Manager, “‘ THE ENGINEERS’ DIGEST,” 
120, WIGMORE STREET, LONDON, W.1. 
Please insert the enclosed Classified Advertisement in your next 
available issuc. 


Cheque/Postal Order value 








THE PRESS 
WITH A REPUTATION 


In 4 sizes —2 ton 
ton 
ton 
ton blow. 


ADJUSTABLE 
STROKES IF 
REQUIRED. 


BALANCED 
AUTO-LOCK 
GUARD. 


SIDE TRAYS. 


H. T. DEVELOPMENTS 


Factory Centre, KINGS NORTON, BIRMINGHAM. 
’Phome: KIN’ 1796. 























Free for Subscribers 


Index to Volume VIII 


(JANUARY—DECEMBER, 1947) 


The Engineers’ Digest 


Early application will secure dispatch of 
the Index together with your copy of 
our January, | 948, issue. 


A limited numter of BINDING GASES in blue cloth 
are now available at 6s. 9d. 





To “THE ENGINEERS’ DIGEST,” 
120 Wigmore Street, London, W.|I. 


Please send 
O Index to Volume Vill (January—December, 1947) 
of “The Engineers’ Digest’ FREE. 
O Binding Case in blue cloth, for which | (we) 
enclose 6s. 9d. 


THE ENGINEERS’ DIGEST 














